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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  July  1,  1903. 

Sir:  I  have  the  honor  to  transmit  herewith  a  report  of  21  experi- 
ments on  the  metabolism  of  matter  and  energy  in  the  human  body, 
by  W.  O.  Atwater,  chief  of  nutrition  investigations,  and  F.  G. 
Benedict,  expert  in  nutrition  investigations,  with  the  cooperation  of 
A.  P.  Bryant,  R.  D.  Milner,  and  Paul  Murrill. 

The  experiments  here  reported  form  part  of  a  series  which  is  in 
progress  at  Middletown,  Conn.,  in  cooperation  with  the  Storrs  Agri- 
cultural Experiment  Station  and  Wesleyan  University.  They  were 
made  with  the  Atwater-Rosa  respiration  calorimeter,  an  account  of 
which,  together  with  the  details  of  the  preceding  experiments  of  this 
series,  has  been  published  in  earlier  bulletins  of  this  Office  (Nos.  44, 
63,  69,  and  109).  The  present  bulletin  includes,  along  with  the  details 
of  the  experiments,  an  account  of  a  number  of  important  improve- 
ments in  apparatus  and  method  not  hitherto  described.  The  experi- 
ments here  given,  like  those  previously  reported,  yield  valuable  data 
regarding  the  conservation  and  transformations  of  matter  and  energy 
in  the  body,  the  demands  of  the  body  for  nutriment,  the  effects  of 
muscular  work  upon  such  demand,  and  the  actual  nutritive  values  of 
different  food  materials  and  their  ingredients. 

The  results  of  these  experiments  are  summarized  with  those  of  34 
experiments  previously  reported,  making  in  all  55  experiments,  cov- 
ering one  hundred  and  fifty  days,  with  the  subjects  in  the  chamber  of 
the  apparatus.  From  the  results  of  the  experiments  as  a  whole,  as 
thus  summarized,  a  considerable  number  of  interesting  deductions  are 
drawn. 

Such  experiments  as  these  have  for  their  ultimate  object  the  study 
of  the  fundamental  laws  of  nutrition.  The  data  obtained  warrant  the 
conclusion  that  the  respiration  calorimeter  is  an  apparatus  of  preci- 
sion. The  value  of  the  apparatus  and  the  investigations  made  by 
means  of  it  is  indicated  not  only  by  the  results  obtained,  but  by  the 
fact  that  the  apparatus  and  method  of  inquiry  have  been  very  success- 
fully adopted  by  the  Pennsylvania  State  College  Experiment  Station 
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in  investigations  with  animals  under  the  direction  of  Prof.  H.  P. 
Armsby,  in  cooperation  with  the  Bureau  of  Animal  Industry  of  this 
Department,  and  also  by  the  fact  that  similar  apparatus  is  already  in 
construction  in  Europe. 

Acknowledgment  is  here  made  of  the  valuable  assistance  rendered 
in  these  investigations  by  Mr.  S.  C.  Dinsmore,  mechanician,  who  has 
ingeniously  modified  and  improved  several  parts  of  the  apparatus  and 
shared  in  several  experiments;  by  Mr.  J.  C.  Ware,  the  subject  of  the 
experiments,  who  made  various  observations  within  the  calorimeter;  by 
Messrs.  E.  Osterberg  and  E.  N.  Swett  and  Miss  C.  P.  Manning,  who 
made  most  of  the  chemical  analyses  and  determinations  of  heat  of 
combustion  of  food,  etc.;  by  Messrs.  G.  W.  Hartwell  and  W.  S. 
Baker,  who  made  a  large  share  of  the  physical  observations  during 
the  experiments;  by  Messrs.  W.  S.  Baker,  A.  Hansen,  J.  A.  Riche,  and 
K.  Oshima,  who  aided  in  the  chemical  work;  by  Messrs.  F.  W.  Harder, 
H.  E.  Bidwell,  H.  A.  Pratt,  C.  F.  Hale,  O.  C.  Becker,  and  F.  N.  Free- 
man, who  did  a  large  part  of  the  clerical  work  of  computing  and 
tabulating  the  results;  and  by  Mr.  A.  B.  Albro,  who  assisted  in  pre- 
paring the  material  for  publication. 

The  report  is  submitted  with  the  recommendation  that  it  be  pub- 
lished as  Bulletin  No.  136  of  this  Office. 

Respectfully,  A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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METABOLISM  OF  MATTER  AND  ENERGY  IN  THE 

HUMAN  BODY. 


INTRODUCTION. 

In  the  present  report  will  be  found  the  details  of  21  experiments 
upon  the  metabolism  of  matter  and  energy  in  the  human  body,  made 
at  Middletown,  Conn.,  in  the  chemical  laboratory  of  Wesleyan  Uni- 
versity during  the  years  1900  to  1902,  under  the  auspices  of  the 
United  States  Department  of  Agriculture  in  cooperation  with  the 
Storrs  Experiment  Station  and  Wesleyan  University.  These  experi- 
ments are  a  continuation  of  those  reported  in  the  earlier  bulletins  of 
this  series/'  and  the  same  respiration  calorimeter  and  the  same  general 
methods  of  procedure  were  used  as  in  the  earlier  work. 

The  results  of  the  experiments  here  described  in  detail  are  discussed 
in  connection  with  those  of  the  previous  investigations,  the  especial 
reason  for  thus  summarizing  all  the  results  being  found  in  the  fact 
that  they  represent  all  the  work  which  it  is  planned  to  carry  on  of 
just  this  nature.  The  respiration  calorimeter  with  which  the  experi- 
ments were  made  has  undergone  an  important  modification  which 
permits  the  direct  measurement  of  the  amounts  of  oxygen  used  by 
the  body,  thus  making  a  complete  balance  of  income  and  out^o  of 
matter  and  energy  possible.  And  the  experiments  with  the  modified 
apparatus  may  thus  be  expected  to  differ  materially  from  those  here  and 
previously  described.  It  is  proper,  therefore,  that  the  inquiries  which 
were  made  with  the  apparatus  in  its  original  form  and  which  mark  the 
first  phase  of  the  inquiry  as  a  whole  should  be  treated  with  reasonable 
completeness  before  any  detailed  account  is  given  of  the  newer  appa- 
ratus and  methods  of  research. 

OBJECT  OF  THE  EXPERIMENTS. 

The  whole  inquiry  rests  upon  the  principle  that  the  transformations 
of  matter  and  energy  in  the  body  take  place  in  accordance  with  the 
two  fundamental  laws  of  the  conservation  of  matter  (mass)  and  the 
conservation  of  energy.    The  object  is  to  get  more  light  upon  the  ways 
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in  which  these  transformations,  and  especially  those  of  energy,  occur. 
To  state  the  case  in  another  way,  the  primary  object  of  these  experi- 
ments is  the  study  of  the  metabolism  of  matter  and  energy  in  the 
living-  organism. 

Since  nutrition  consists  largely  in  the  transformations  or  metabolism 
of  matter  and  energy,  these  experiments  represent  an  inquiry  into  the 
fundamental  laws  of  nutrition. 

Since,  furthermore,  the  main  use  of  food  is  to  supply  material  and 
energy  for  nourishment,  this  inquiry  has  to  do  with  the  values  and 
uses  of  foods. 

Taken  altogether,  therefore,  we  inaj'  say  that  while  the  more  scien- 
tific object  of  the  research  is  a  study  of  the  laws  of  nutrition,  in  so  far 
as  they  are  laws  of  metabolism  of  matter  and  energy,  the  practical 
purpose  is  to  learn  more  about  how  the  body  is  nourished  and  what 
are  the  uses  and  values  of  food. 

QUESTIONS  STUDIED. 

The  principal  topics  of  inquiry  in  the  experiments  here  reported 
include  the  kinds,  amounts,  and  composition  of  the  food  used,  the 
digestibility  of  the  nutrients  of  food  and  the  availability  of  its  energy 
for  use  by  the  body;  the  kinds  and  amounts  of  materials  oxidized  in 
the  body;  the  quantity  and  composition  of  the  excreta  eliminated 
through  the  different  channels;  the  gains  and  losses  of  body  substance 
under  different  conditions  of  diet  and  fasting,  work  and  rest;  the 
amounts  of  energy  transformed  under  the  same  conditions;  the  proof 
that  the  law  of  the  conservation  of  energy  obtains  in  the  body;  the 
materials  and  energy  required  for  the  maintenance  of  the  temperature 
of  the  body  and  for  internal  and  external* work;  the  efficiency  of  the 
body  as  a  "prime  motor,"  i.  e.,  its  capacity  to  utilize  the  energy  of 
food  and  of  its  own  material  for  muscular  work;  and,  finally,  the  nutri- 
tive values  of  different  classes  of  nutrients  and  of  foods  containing 
them.  Other  questions  which  have  received  more  or  less  attention 
are  noted  in  the  detailed  discussion  of  the  experiments  beyond. 
(Pages  104-201.) 

MEN  WHO  SERVED  AS  SUBJECTS  OF  THE  EXPERIMENTS. 

The  experiments  were  made  with  young,  active  men  in  good  health. 
The  purpose  thus  far  has  been,  and  for  some  time  to  come  will  be,  the 
study  of  the  normal  nutrition  of  adults.  Later  it  is  hoped  that 
inquiries  may  be  made  concerning  the  normal  nutrition  of  elderly 
men,  children,  and  others.  Should  opportunity  offer,  it  seems  fair  to 
conclude  that  important  results  could  be  obtained  also  in  studies  of 
nutrition  in  disease  and  under  the  influence  of  different  methods  of 
treatment  and  other  conditions  more  or  less  abnormal. 
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APPARATUS  AND  METHODS  OF  INQUIRY. 

The  respiration  calorimeter  used  in  the  experiments  was  devised 
especially  for  research  of  this  kind.  The  apparatus  serves  to  measure 
the  materials  received  and  given  off  by  the  body,  including  the  prod- 
ucts of  respiration,  and  is  thus  a  "respiration  apparatus."  It  also 
serves  to  measure  the  heat  given  off  hy  the  ho&y  and  hence  is  a  form 
of  calorimeter.  It  includes  a  chamber  about  7.5  feet  long,  4  feet  wide, 
and  6.5  feet  high,  so  arranged  that  a  man  may  spend  a  number  of  days 
in  comparative  comfort  within  it.  It  is  lighted  by  a  window  and  is 
furnished  with  a  folding  chair,  table,  and  bed,  and  when  the  experi- 
ment involves  muscular  work,  with  a  stationary  bicycle  also.  The 
chamber  is  ventilated  by  a  measured  current  of  air,  samples  of  which 
are  taken  for  analysis  before  it  enters  and  after  it  leaves  the  chamber. 
In  this  way  the  products  of  respiration  are  determined.  Provision  is 
also  made  for  weighing,  sampling,  and  analyzing  all  the  food  and 
drink,  and  the  solid  and  liquid  excreta  as  well.  By  comparing  the 
chemical  elements  and  compounds  received  by  the  body  in  food,  drink, 
and  inhaled  air  with  those  given  off  in  the  solid,  liquid,  and  gaseous 
forms  by  the  intestines,  kidneys,  lungs,  and  skin  it  is  possible  to 
strike  a  balance  between  the  total  income  and  total  outgo  of  matter  in 
the  man's  body.  This  serves  as  a  means  of  measuring  the  metabolism 
of  matter  in  the  body. 

In  addition  to  this  the  metabolism  of  energy  is  also  studied.  To 
this  end  it  is  necessary  to  determine  the  potential  energy  of  the  food 
and  drink  taken  into  the  body  and  of  the  solid  and  liquid  excreta  given 
off  by  the  bod}%  as  well  as  the  amounts  of  energy  given  off  in  the  form 
of  heat,  external  muscular  work,  and  otherwise.  The  measurements 
of  the  potential  energy  of  the  food  and  excreta  are  made  with  the 
bomb  calorimeter."  The  determination  of  the  heat  given  off  from  the 
bod}-  is  made  by  certain  arrangements  in  connection  with  the  res- 
piration calorimeter.  A  current  of  water  passing  through  a  special 
coil  of  pipes  suspended  in  the  chamber  absorbs  the  heat  that  is  gener- 
ated within  it,  and  by  measuring  the  quantity  of  water  that  passes 
through  the  coil  and  its  rise  in  temperature  the  amount  of  heat 
absorbed  may  be  determined.  To  this  is  added  the  latent  heat  of  the 
water  vaporized  within  the  chamber. 

So  delicate  are  the  measurements  of  temperature  that  the  observer 
sitting  outside  and  recording  the  changes  every  two  or  four  minutes 
immediately  detects  a  rise  or  fall  of  even  one-hundredth  of  a  degree  in 
the  temperature  of  the  inner  copper  wall  of  the  respiration  chamber, 
or  of  the  air  inside  the  chamber.    If  the  man  inside  rises  to  move 

«For  description  of  the  bomb  calorimeter  see  TJ.  S.  Dept.  Agr.,  Office  of  Experi- 
ment Stations  Bui.  21,  pp.  120-126,  and  Connecticut  (Storrs)  Station  Ept.  1897, 
p.  199,  and  a  more  elaborate  and  recent  description  in  Jour.  Amer.  Chem.  Soc,  25 
(1903)  p.  659. 
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about,  the  increase  in  the  heat  given  off  from  his  body  with  this  mus- 
cular work  shows  itself  in  a  rise  of  temperature  which  may  be  imme- 
diately detected. 

In  the  work  experiments  the  subject  spends  a  certain  portion  of  each 
day  in  muscular  exercise  upon  an  apparatus  arranged  as  an  ergometer, 
by  which  the  amount  of  muscular  work  done  may  be  measured.  (See 
page  30.)  From  the  energy  of  food,  drink,  solid  and  liquid  excretory 
products,  and  body  material  stored  or  lost  the  net  income  of  energy 
may  be  computed.  The  net  outgo  is  measured  by  the  apparatus.  By 
comparing  these  the  balance  of  income  and  outgo  of  energy  is  found. 

The  data  obtained  as  explained  above,  taken  in  connection  with  what 
is  known  of  the  physiological  processes  that  go  on  in  the  body,  give 
more  accurate  information,  it  is  believed,  than  can  be  otherwise 
obtained  regarding  many  of  the  fundamental  laws  of  nutrition. 

DESCRIPTION  OF  APPARATUS  AND  METHODS. 

The  apparatus  as  a  whole  has  been  described  in  detail  in  a  previous 
bulletin"  of  this  series,  and  only  such  parts  need  be  discussed  here  as 
have  been  newly  introduced  or  materially  altered  since  that  account 
was  published,  the  present  description  being  regarded  chiefly  as  sup- 
plementary to  the  former. 

GENERAL  PLAN  OF  CALORIMETER  LABORATORY. 

The  frontispiece  gives  a  general  view  of  the  respiration  calorimeter 
and  some  of  its  accessories;  and  in  fig.  1  is  shown  the  ground  plan  of 
the  laboratory  and  the  disposition  of  the  apparatus  as  used  for  the 
experiments  here  reported.  The  large  opening  at  the  end  of  the 
calorimeter,  which  serves  as  a  window  and  door,  faces  the  east,  and 
light  is  obtained  for  the  inner  chamber  from  the  window  in  the  stone 
masoniy  directly  opposite.  A  line  shaft  runs  the  whole  length  of  the 
room  from  west  to  east,  power  being  supplied  by  a  5-horsepower 
electric  motor  at  the  west  end  of  the  room.  A  second  motor  of 
smaller  power  stands  beside  it  ready  for  use  in  case  of  a  breakdown, 
the  belting  and  wiring  being  so  arranged  that  the  change  from  one 
motor  to  the  other  can  be  made  in  one  minute.  A  small  air  compres- 
sion pump  screwed  to  the  floor  directly  in  front  of  the  small  motor  is 
belted  to  the  main  shaft  and  furnishes  a  supply  of  compressed  air 
which  is  stored  in  a  30-gallon  water  boiler,  B,  suspended  from  the 
ceiling,  and  is  used  to  actuate  the  automatic  brine  pump  and  the  valves 
of  the  meter  pump.  The  ammonia  refrigerating  machine  is  likewise 
belted  from  the  main  shaft,  the  feed  pipe,  F,  and  return  pipe,  R,  being 
carried  along  the  ceiling.  The  brine  tank,  which  is  cooled  by  the 
ammonia  machine,  stands  at  one  corner  of  the  calorimeter  proper,  and 


«  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  63. 
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the  water  cooling  tank  is  so  situated  that  its  overflow  drains  back  into 
the  brine  tank.    The  compressed  air  brine  pump  is  placed  in  the  corner 


of  the  large  brine  tank.  The  observer's  table,  water  meter,  and  air 
temperature  regulating  device,  A,  are  placed  at  the  front  of  the  calo- 
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rimeter,  while  the  food  aperture,  0,  and  the  arrangements  for  holding 
the  U  tubes  used  for  analyses  of  residual  air  are  at  the  side.  An 
aspirator  holding  approximately  15  liters  and  used  for  taking  samples 
of  air  for  analysis  is  placed  on  a  table  at  the  south  side  of  the  room, 
the  air  pipe,  S1?  being  carried  along  the  ceiling. 

The  air  used  for  ventilating  the  respiration  chamber  is  drawn 
through  a  pipe,  P1?  which  projects  through  the  window  at  the  rear  of 
the  calorimeter,  turns  the  corner  of  the  calorimeter,  and  enters  the  in- 
coming freezer,  D,  in  a  corner  of  the  freezing  tank.  It  then  continues 
around  the  calorimeter,  entering  the  chamber  after  passing  through 
the  heat  regulating  device,  A.  After  coming  out  of  the  chamber  the 
air  returns  by  a  parallel  pipe,  P3,  to  the  outcoming  air  freezers,  Gr, 
from  which  it  passes  to  the  meter  pump.  The  pump  is  placed  in  the 
east  end  of  the  room  and  is  belted  from  the  main  shaft  b}r  means  of  a 
small  counter  shaft,  H.  A  wooden  partition  separates  the  pans  for 
collecting  samples  of  air  for  analyses  from  the  meter  pump. 

The  galvanometer  is  securely  fastened  to  the  masonry  in  one  of  the 
windows,  and  its  deflections  are  conveniently  read  in  a  black  cloth 
box,  K,  by  the  observer.  The  balances,  drying  ovrens,  sink,  tables, 
Tx,  T2,  T3,  T4,  and  desk  are  used  for  various  analytical  operations  and 
calculations  necessary  for  the  conduct  of  an  experiment.  On  the 
wall  immediately  back  of  the  meter  pump  is  the  small  air  meter,  M, 
used  for  measuring  the  samples  of  incoming  air  for  analyses,  the 
sample  being  drawn  from  the  pipe,  P8,  just  before  the  air  enters  the 
chamber  and  carried  through  a  small  pipe,  S2,  to  the  meter. 

DEVICE  FOR  REGULATING  THE  FLOW  OF  WATER  FROM  THE 

ASPIRATORS. 

When  the  aspirators  were  used  to  take  samples  of  the  incoming  and 
outgoing  air,  considerable  difficulty  was  experienced  in  securing  a 
constant  rate  of  flow  with  the  continually  diminishing  "head"  of 
water.  If  the  flow  was  not  constant  and  proportional  to  the  rate  of 
ventilation,  discrepancies  were  found  in  the  determinations  of  carbon 
dioxid  and  water  in  the  air  currents.  In  the  earlier  experiments 
the  rate  of  flow  of  the  water  from  the  aspirators  was  determined 
every  half  hour  by  collecting  and  measuring  the  water  delivered  in 
one-half  minute  in  a  graduated  vessel,  and,  as  the  level  of  the  water 
in  the  aspirator  fell,  the  water  outlet  was  lowered  correspondingly. 
This  arrangement  was  finalty  replaced  by  the  device  shown  in  fig.  2, 
which,  in  principle,  is  not  unlike  the  "ball  and  cock"  valve  of  the 
plumber.  As  the  water  flows  out  of  the  aspirator  it  enters  the  vertical 
pipe,  P,  and  passes  through  a  longitudinal  opening,  O,  and  a  small  orifice 
fitted  with  a  tapering  plug  valve,  V.  The  plug  is  placed  on  a  lever, 
to  one  end  of  which  is  fastened  a  large  copper  float,  F,  by  a  strip  of 
copper,  S.    The  rate  of  flow  of  water  out  of  the  tank  is  decided  by  the 
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lower  stopcock,  C,  through  which  it  escapes,  and  this  rate  of  outflow 
is  kept  constant  by  the  automatic  action  of  the  valve,  V,  by  which  the 
water  is  held  at  a  constant  level,  and  hence  the  outflow  rate  remains 
uniform  despite  the  change 

i 

P 


of  level  of  the  water  in  the 
aspirator. 

INCOMING  AIR  FREEZER. 


During  the  earlier  expe- 
rience with  the  respiration 
calorimeter  but  one  incom- 
ing air  freezer  was  used, 
and  when  it  became  clogged 
with  frozen  ice  the  air  cur- 
rent was  stopped,  the  freezer 
removed,  and  the  ice  melted 
out  by  applying^  hot  water, 
the  operation  requiring 
some  20-25  minutes  a  for  its 
completion.  For  long  ex- 
periments, especially  in 
damp  weather,  it  was  soon 
found  necessary  to  have  a 
second  freezer  of  similar 
construction.  With  this  lat- 
ter the  whole  operation  of 
stopping  the  air  pump,  re- 
moving the  freezer  in  use, 
putting  the  dry  one  in  its  place,  and  starting  the  air  pump  again  occu- 
pied only  thirty  to  fifty  seconds. 

VALVE  BOX. 

The  water  in  the  outcoming  air  current  is  determined  in  two  por- 
tions. The  larger  portion  is  condensed  and  held  in  two  C3rlindrical 
freezer  cans  of  copper,  which  are  immersed  in  the  brine  tank  and 
weighed  at  the  end  of  each  period.  The  water  not  thus  condensed  is 
determined  in  samples  after  the  air  current  has  passed  the  pump. 
Two  pairs  of  freezer  cans  are  used.  At  the  end  of  each  experimental 
period  it  is  necessary  to  change  from  one  pair  to  the  other.  To  make 
the  change  rapidly  and  with  no  admission  of  room  air,  a  system  of 
valves  and  openings  called  the  valve  box  was  devised.  Obviously  all 
the  connections  should  be  substantial  and  permit  of  tight  closure. 
Some  of  the  experiments  continue  ten  days,  with  changes  every  two 
hours,  making  a  total  of  120  movements  of  the  valve  system.  To 


Fig.  2. — Device  for  regulating  flow  of  water  from 
aspirators. 


«TJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  44,  p.  22. 
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construct  a  system  of  valves  that  would  actuate  perfectly  and  without 
leak  during  this  time  was  not  a  simple  matter.  The  earlier  form  of 
valve  box  was  closed  with  rubber  stoppers  on  the  end  of  brass  rods 
running  through  an  opening  in  the  side  of  the  valve  box — an  arrange- 
ment that  soon  gave  evidence  of  wear  and  consequent  leaks. 

The  new  form  shown  in  fig.  3  was  constructed  and  used  in  the  later 
experiments.  As  stated  elsewhere  (see  page  89)  it  is  by  no  means 
perfect,  though  a  great  improvement  over  the  old  form. 


Fig.  3.— Valve  box. 


Each  of  the  two  chambers  proper,  C15  C2,  with  its  two  lower  open- 
ings, O  and  O',  is  cast  in  one  piece,  the  top,  T,  being  screwed  on. 
The  valves,  V,  are  worked  on  a  rocker  arm,  A,  fitted  with  a  stuffing 
box,  B.  Knuckle  joints,  K,  insure  a  firm  pressure  on  the  valve  seats. 
By  a  rapid  movement  of  the  long  lever,  L,  the  two  openings,  O  and 
O,  on  one  side  of  the  valve  box  are  closed  and  the  others,  O'  and  O', 
opened.  These  openings  are  connected  by  heavy  rubber  tubing  to 
the  cylindrical  freezer  cans,  which  fit  against  and  are  clamped  to  the 
supports,  S,  S,  and  8',  S\ 
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Despite  the  insulation,  I,  between  the  upright  standard  and  the 
valve  chamber,  the  temperature  of  the  valve  chamber  C13  into  which 
the  air  entered  directly  from  the  calorimeter,  was  frequently  below 
the  dewpoint  of  the  air,  and  consequently  a  condensation  occurred 
in  this  chamber.  This  was  an  objection  to  this  form  of  valve  box,  for 
not  only  was  the  box  subject  to  the  cooling  influence  of  the  brine 
tank  to  which  it  was  screwed,  but  the  current  of  air  leaving  the  out- 
coming  air  freezers  cooled  the  second  chamber,  C2,  to  such  an  extent 
that,  in  spite  of  insulation  between  Cx  and  C2,  the  former  was  still 
further  cooled.  Moreover,  on  damp  days  the  whole  valve  box  became 
covered  with  moisture,  and  frequently  it  collected  on  the  inside  of  the 
short  pieces  of  tube  to  which  the  rubber  tubes  leading  to  the  freezer 
cans  were  connected,  and  was  afterwards  carried  into  the  freezers  with 
the  outcoming  air.  The  difficulties  with  the  valve  box  are  here  men- 
tioned in  detail  because  they  are  obviously  the  cause  of  discrepancies 
in  the  determinations  of  water  in  the  alcohol  check  experiments  made 
with  this  form  of  apparatus.  A  further  difficulty  was  encountered  in 
selecting  the  proper  form  of  packing  for  the  valves.  Plans  were 
made  for  overcoming  all  these  difficulties,  but  as  a  fundamental  change 
in  the  method  of  determining  water  in  the  air  current  was  in  contem- 
plation (and  has  since  been  adopted)  the  use  of  this  valve  box  was 
continued  until  the  end  of  the  experiments  here  described. 

AUTOMATIC  BRINE  PUMP. 

The  water  current  which  passes  through  the  absorber  system  inside 
the  calorimeter  chamber  must  be  previously  cooled.  The  temperature 
of  the  cooler  used  for  this  purpose  is  kept  down  to  the  proper  degree 
by  use  of  cold  calcium  chlorid  brine  from  the  tank.  For  conveying 
this  brine  to  the  cooler  a  hand  pump  was  formerly  used;  but  with  the 
intermittent  pumping  there  was  a  constant  fluctuation  in  the  tempera- 
ture of  the  ingoing  water.  The  brine  pump  shown  in  fig.  1  was 
devised  to  obviate  this  difficulty.  Compressed  air  is  caused  to  pass 
through  the  tube,  T.  It  enters  the  lower  chamber,  C,  and,  acting  as  in 
an  ordinary  wash  bottle,  forces  the  cold  brine  through  the  long  delivery 
tube.  P.  into  the  small  tank  containing  the  water  coolers.  When 
sufficient  brine  has  been  blown  out  of  the  can  to  let  the  air  escape 
through  the  long  tube,  and  consequently  cause  the  pressure  inside  the 
can  to  fall,  the  weight  of  the  float,  F,  opens  a  small  valve,  V,  in 
the  top  of  T  and  the  air  rushes  through  this  opening.  At  the  same 
instant  the  larger  valve,  V,  in  the  bottom  of  the  can  opens  and  brine 
gradually  enters  until  the  float  is  lifted  and  the  small  valve,  V,  is  again 
closed.  At  this  point  the  compressed  air  again  forces  the  brine  out 
through  the  long  tube.  The  operation  is  thus  continuous.  It  was 
found  that  the  tube  T,  through  which  the  compressed  air  entered, 
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became  so  cold  as  to  freeze  any  water  vapor  in  the  compressed  air, 
and  ice  thus  formed  clogged  the  passage  of  the  air.  By  passing 
the  compressed  air  through  a  series  of  iron  U  tubes  made  by  a  sim- 
ple combination  of  half-inch  pipes  with  return  bends  immersed  in 
the  brine  tank,  all  the  water  was  frozen  out  and  the  brine  pump 

acted  perfectly.  With  this 
pump  about  a  liter  of  brine  at 
the  temperature  of  —15°  C.  was 
forced  into  the  water  cooler 
every  two  minutes.  No  notice- 
able fluctuations  in  the  temper- 
ature of  the  incoming  water 
occurred  with  this  rate  of  pump- 
ing. 

VALVE  FOR  WATER  METER. 

The  water  which  passes 
through  the  absorber  system  in 
the  respiration  chamber  and 
brings  out  the  heat  is  measured 
hy  a  water  meter.  The  use  of 
the  siphon  in  the  water  meter 
has  proved  very  satisfactory, 
since  it  obviates  the  necessity  of 
closing  the  valve  after  the  can 
has  become  empty.  The  earlier 
form  of  starting  the  siphon,  i.  e. , 
by  means  of  a  small  hand  bulb 
at  the  bottom  of  the  meter, 
proved  very  unsatisfactory  and 
was  the  cause  of  no  little  annoy- 
ance. A  much  simpler  and 
more  satisfactory  method  for 
starting  the  siphon  was  devel- 
oped and  put  in  operation  by  use 
of  a  4-way  valve  (shown  in  de- 
tail in  fig.  5  and  as  connected 
with  the  water  meter  in  fig.  6). 
The  details  regarding  the  con- 
struction of  the  meter  have  been 
given  before."  Two  currents  of  water  enter  the  meter.  The  water 
from  the  respiration  chamber,  i.  e.,  that  to  be  measured,  enters  at  A  and 
is  conducted  into  either  10-liter  can.  A  second  water  current  enters 
at  B  and,  flowing  through  the  special  valve,  is  used  to  start  the  siphons 


Automatic  brine  pump. 
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by  which  the  large  cans  are  emptied.    Ordinarily  water  enters  the  top 
of  the  valve,  passes  through  a  pipe  out  of  the  central  opening  at  the 
^Hbottoni,  and  runs  into  the  drain.    When  the  right-hand  can  is  tilled  to 
the  10-liter  mark  the  handle  of  the  valve  is  so 
turned  that  the  current  of  water  is  deflected 
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Fig.  6.— Water  meter. 


from  the 
central  tube 
to  the  right- 
hand  tube 
from  the 
valve,  and 
this  in  turn 
connects 
with  a  T 
tube,  T,  on 
the  longer 
end  of  the 
siphon,  S, 
from  the 
can.  The 
10-15  centi- 
meters of 
water  pull- 
ing down  on 
this  arm 
suffices  to 
start  the 
siphon,  and 
the  handle 
of  the  valve 
is  then  re- 
turned to 
the  original 
position.  The  operator  simply 
has  to  turn  the  valve  and  release  it 
when  the  siphon  is  started,  after 
which  the  lead  weight,  W,  which 
swings  as  the  valve  is  turned, 
brings  it  back  to  the  central  point. 
When  the  left-hand  can  is  filled 
the  operation  is  similar,  save  that 
the  water  is  deflected  into  the  left- 
This  valve  has  been  in  continuous 
The  amount  of  water 


-Valve  for 
meter. 


hand  opening  of  the  1-way  valve, 
operationjor  over  a  year  and  has  never  failed 
flowing  through  the  central  tube  is  not  very  large,  a  small  stream 
sufficing,  when  deflected,  to  start  the  siphon. 
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THE  METER  PUMP. 

The  air  pump  used  in  these  experiments  has  been  called  the  Blakes- 
lee  pump,  from  Mr.  O.  S.  Blakeslee,  formerly  mechanician  of  Wesleyan 
University,  by  whom  the  larger  number  of  the  parts  were  devised 
and  the  whole  was  very  skillfull}^  made.  It  is  based  upon  a  special 
principle  suggested  by  one  of  us  (W.  O.  A.),  namely,  the  interplay  of 


Fig.  7.— Blakeslee  meter  pump. 


steel  cylinders,  using  mercury  as  a  seal.  This  combination  eliminates 
oil  lubrication,  which  in  some  experiments  might  introduce  a  serious 
error,  and  avoids  friction,  and  consequent  increase  of  temperature, 
which  would  interfere  with  accurate  measurement  of  the  volume  of 
the  air. 

The  pump  was  briefly  described  in  a  former  publication^    It  was 
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expected  that  a  more  detailed  description  with  working  drawings 
would  be  published  in  a  technical  journal,  but  it  has  been  impractica- 
ble to  prepare  such  a  description,  and  consequently  the  following 
abbreviated  technical  description  is  included  in  this  report. 

A  general  view  of  the  pump  and  connections  is  shown  in  fig.  7.a 
There  are,  in  fact,  two  pumps  which  work  synchronously.  Three  steel 
cylinders  are  used  for  each  pump.  The  inner  and  outer  cylinders  are 
arranged  concentrically,  with  a  narrow  annular  space  between  them, 
which  is  nearly  filled  with  mercury.  Between  the  inner  and  outer 
cylinders,  which  are  stationary,  plays  a  third  cylinder,  its  lower  por- 
tion being  immersed  in  the  mercury.  Fig.  8  shows  the  cylinder  sys- 
tem dismantled.  The  outer  and  inner  cylinders,  C1  and  C2,  are  fixed, 
while  the  movable  cylinder,  C3,  is  fastened  to  a  casting  into  which 
two  guide  rods  are  fixed.  As  the  movable  cylinder  rises  air  enters  it 
through  the  inlet  pipe,  P1,  and  as  the  cylinder  falls  the  air  passes  out 
through  P2.  The  air  enters  and  leaves  the  cylinder  through  a  valve 
at  the  top  of  the  inner  cylinder,  C1,  as  shown.  The  essential  feature 
of  this  valve  is  a  circular  valve  plate,  V_p,  which  is  provided  with 
apertures  and  is  made  to  revolve  horizontally,  playing  upon  the  ends 
of  P1  and  P2  so  as  to  close  the  one  while  it  opens  the  other,  and  vice 
versa.  The  valve  plate,  V^>,  is  shown  with  one  of  the  air  pipes  open. 
To  the  left  the  ingoing,  P1,  and  outgoing,  P2,  air  pipes  are  shown  with 
the  couplings  by  which  they  are  attached  to  the  other  parts  of  the 
pump.  These  pipes  extend  up  inside  the  pump  to  the  top  of  the  sta- 
tionary cylinders,  the  ends  just  reaching  through  the  bottom  of  the 
pump  proper.  The  valve  is  so  arranged  that  when  one  of  these  pipes 
is  closed  the  other  is  open. 

The  steel  cylinders  used  in  the  construction  of  this  pump  were 
mandrel  drawn,  and  consequently  very  true  to  size.  The  inside 
diameter  of  the  outer  cylinder  was  exactly  6  inches;  the  outside 
diameter  of  the  inner  cylinder  was  5.560  inches,  and  the  steel  was 
0.0381  inch  thick  throughout.  The  length  of  the  stroke  of  the 
cylinder  is  determined  by  suitable  stops,  S,  and  consequently  the  vol- 
ume of  air  delivered  at  each  stroke  is  constant.  By  measuring  the 
length  of  stroke  and  the  diameter  of  the  cylinders,  making  proper 
allowance  for  the  changes  in  level  of  the  mercury  as  the  cylinder 
was  depressed  or  raised,  it  was  found  that  with  a  length  of  stroke  of 
229  millimeters  each  double  stroke  of  the  Blakeslee  pump  delivered 
7.7736  liters  of  air.  By  varying  the  length  of  stroke  (by  adjusting 
the  position  of  the  stops)  or  the  number  of  strokes  per  minute  the 
amount  of  air  drawn  through  the  apparatus  could  be  regulated  with 
great  exactness. 

The  pump  is  driven  by  a  belt  on  the  large  pulley,  Pu,  shown  back 
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of  the  walking  beam,  W,  fig.  7,  from  a  countershaft  overhead.  The 
speed  is  reduced  b}r  gearing  so  that  the  face  wheel,  F,  in  front  rotates 


Fig.  8.—  Pump  cylinder  system  dismantled. 


about  ten  times  a  minute,  thereby  giving  a  ventilation  of  not  far  from 
75  liters  per  minute.  On  the  same  shaft  with  the  walking  beam  is  a 
sleeve,  Se,  with  a  projecting  arm,  which  is  nearly  hidden  behind  a  por- 


23 


tion  of  the  walking  beam.  The  end  of  this  arm  is  attached  to  the 
face  wheel  by  a  connecting  rod,  R,  as  shown  in  the  figure.  This  con- 
veys an  oscillatory  motion  to  the  sleeve,  which  is  transmitted  to  the 
walking  beam  by  the  straight  steel  springs,  Sp,  the  ends  of  which  are 
connected  at  about  the  middle  of  the  arcs.  The  cylinders  are  raised 
and  lowered  by  means  of  the  steel  straps,  St,  which  run  over  an  arc 
of  a  circle  on  the  walking  beam,  whose  tangent  is  alwa}^s  parallel  to 
the  guide  rods  and  directly  between  them,  thereby  insuring  no  lateral 
pressure  on  the  rods  and  consequently  no  wearing  of  parts. 

As  it  was  found  difficult  to  actuate  the  valve,  Yp,  fig.  8,  by  mechanical 
means,  since  there  must  be  a  throw  of  10-15  centimeters  inside  of  a 
fraction  of  a  second,  compressed  air  was  used  to  secure  this  valve 
motion.  A  small  air-compression  pump  was  belted  to  the  line  shaft 
in  the  calorimeter  room  and  compressed  air  stored  in  a  30-gallon  water 
boiler  suspended  from  the  ceiling  of  the  room.  The  compressed  air 
was  then  delivered  through  a  pipe  to  a  smaller  air  chamber  under  the 
Blakeslee  pump,  which  was  furnished  with  a  pressure  gauge,  G,  read- 
ing to  25  pounds.  The  compressed  air  was  alternately  admitted  to  the 
ends  of  a  cylinder  with  piston,  the  ends  of  the  piston  rod  being  con- 
nected with  a  sprocket  chain,  Ch,  running  around  drums,  Dr,  on  the 
ends  of  the  long  axes  fastened  to  the  centers  of  the  valve  plates.  The 
sprocket  chain  replaced  the  steel  strap  shown  in  the  earlier  photographs 
of  this  pump.f<  A  small  turn-buckle  provided  for  any  slackening  in 
the  sprocket  chain  by  stretching. 

In  experimenting  on  the  air  pressure  required  to  actuate  the  valves 
it  was  found  that  not  less  than  7  pounds  could  be  relied  upon  to  cause 
the  long  throw  of  the  piston — i.  e.,  some  10-15  centimeters — and  con- 
sequently an  air  cushion  was  placed  in  each  end  of  the  cylinder  to 
diminish  the  shock  due  to  sudden  stoppage  of  the  piston  and  valve 
system.  The  whole  mass  of  metal  moved  through  this  space  in  the 
fraction  of  a  second  is  very  considerable,  and  nothing  bat  the  best 
construction  will  permit  of  this  perfect  action.  When  the  pump 
is  in  operation  the  walking  beam  raises  one  cylinder  of  the  pump, 
drawing  in  air  until  it  comes  to  a  stop,  at  which  point  there  is  a 
moment's  period  of  rest,  during  which  time  the  air  attains  atmospheric 
tension.  The  next  instant  the  valve  is  thrown,  closing  the  inlet  pipe, 
Px,  and  opening  the  outlet,  P2.  When  the  cylinder  descends  the  air  is 
expelled,  and  at  the  lowest  point  of  the  stroke  a  similar  period  of  rest 
occurs,  during  which  time  the  valve  is  again  thrown.  To  secure  this 
rest  period  the  walking  beam  raising  and  lowering  the  cylinder  is  pro- 
vided with  a  stiff  steel  spring,  Sp,  which  permits  the  shaft  to  turn  a 
fraction  of  an  inch,  even  after  the  cylinders  have  come  to  rest  by 
virtue  of  the  stop  on  the  upright  guide  rods.    This  last  movement  is 
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sufficient  to  open  a  port  in  the  compressed-air  cylinder;  the  air  escapes 
into  a  cylinder  similar  to  one  on  a  steam  engine;  the  piston  makes  one 
stroke,  which  reverses  the  valves  in  both  pumps,  setting  one  so  that 
air  may  be  drawn  in  from  the  ingoing  pipe  and  the  other  so  that  the 
air  may  be  expelled  into  the  exit  pipe.  All  this  is  done  while  the 
cylinders  are  at  rest,  and  thus  the  air  within  them  is  at  atmospheric 
pressure. 

The  valve  plates,  Vp,  fig.  8,  were  ground  very  true  to  cover  the 
ends  of  the  two  upright  tubes  through  which  the  air  entered  and  left 
the  middle  movable  cylinder.  It  was  found  necessary,  however,  to 
insure  perfect  closure  of  this  valve,  to  apply  a  drop  or  two  of  sperm 
oil  to  the  face  of  the  valve  plate. 

The  volume  of  each  cylinder  is  known  from  its  dimensions,  and  an 
automatic  counter,  I,  records  the  number  of  strokes. 

A  mechanism  was  added  which  permits  the  collection  of  every 
fiftieth  stroke  of  the  pump  for  analysis.  This  is  done  automatically, 
and  consequently  insures  fair  sampling.  The  samples  are  delivered 
into  two  tin  pans,  Pn,  fig.  7,  with  rubber  diaphragms,  each  capable  of 
holding  when  completely  full  about  20  liters.  At  the  rate  at  which 
the  pump  is  run  samples  are  taken  approximately  every  ten  minutes. 
B}T  means  of  a  small  suction  pump  these  samples  are  continuously 
withdrawn  from  the  pans  through  U  tubes  containing  the  proper 
absorbents  for  water  and  carbon  dioxid. 

In  front  of  the  base  of  the  standard,  fig.  7,  are  seen  the  electro- 
magnets, M,  used  in  taking  the  samples  for  analysis.  Below  them  is 
the  chamber,  E,  through  which  all  of  the  air  from  the  exit  pipe  must 
pass  before  it  can  escape.  There  are  three  openings  from  this  cham- 
ber— one  in  front  and  one  at  either  side.  From  the  side  openings  are 
pipes  leading  to  the  receptacles,  P,  for  holding  the  samples  before 
analysis,  termed  briefly  "pans." 

The  aliquoting  device  consists  of  a  series  of  three  valves  attached  to 
the  outlet  pipe  from  the  pump.  The  air  of  49  strokes  out  of  every  50 
is  discharged  into  the  room,  the  fiftieth  stroke  being  taken  for  analysis. 
The  samples  for  analysis  are  conveyed  to  the  pans  by  the  following 
mechanism: 

Between  the  electromagnets  and  the  standard  is  a  ratchet  wheel 
having  100  teeth.  At  each  stroke  of  the  pump  this  wheel  is  advanced 
by  one  tooth.  On  the  fiftieth  stroke  a  projection  on  this  wheel  closes 
an  electric  contact,  which  remains  closed  during  the  time  occupied  by 
a  double  stroke  (both  cylinders  full)  of  the  pump.  This  electric  con- 
tact serves  the  dual  purpose  of  closing  the  outlet  valve  and  opening 
a  valve  into  a  pipe  leading  to  one  of  the  sample-receiving  pans,  Pn'. 
This  valve  motion  is  produced  by  the  electromagnet,  M.  At  the  end 
of  the  stroke  the  circuit  is  broken  and  the  valve  system  resumes  its 
original  position,  and  the  air  continues  to  flow  through  the  opening  in 
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front.  At  the  one-hundredth  stroke  a  similar  projection  on  the 
toothed  wheel,  which,  however,  is  a  little  lower  than  and  obviously 
opposite  the  first  one,  closes  a  second  electric  circuit,  which,  operating 
in  a  similar  manner,  throws  one  complete  sample  of  air  into  the  second 
sample  pan,  Pn". 

At  the  rate  at  which  the  pump  is  run  a  sample  of  air  comes  into 
each  pan  about  every  ten  minutes,  or  into  alternate  pans  every  five 
minutes.  It  was  assumed  that  no  considerable  change  in  composition 
of  the  air  inside  the  chamber  would  be  effected  in  the  period  of  five 
minutes  between  samples.  As  a  matter  of  fact,  experience  showed 
that,  especially  at  the  end  of  a  work  period,  the  pan  having  the  last 
sample  taken  nearest  the  time  when  the  man  stopped  work  always 
showed  a  higher  percentage  of  carbon  dioxid  than  the  other  pan. 
This  point  is  especially  interesting'  as  showing  the  one  main  defect  in 
this  method  of  sampling.  Theoretically,  the  amount  of  carbon  dioxid 
and  water  collected  in  both  pans  should  be  alike,  and  the  two  pans 
consequently  should  serve  as  duplicate  analyses.  Practically,  how- 
ever, during  work  experiments  they  seldom  were  absolutely  alike, 
while  during  rest  experiments,  or  alcohol  check  experiments,  when 
the  carbon  dioxid  evolution  was  constant,  the  duplicates  agreed  very 
closely. 

In  the  earlier  tests  made  with  this  pump  great  difficulty  was  expe- 
rienced from  the  fact  that  the  amount  of  water  found  by  this  method 
of  sampling  was  invariably  higher  than  that  found  by  the  aspirator 
method.  This  discrepancy  was  found  to  be  due  to  an  absorption  and 
passage  of  water  through  the  rubber  diaphragms  used  to  contain  the 
sample  of  air.  A  wooden  house,  H,  was  made  to  cover  each  pan,  and 
the  98  volumes  of  air  not  used  for  analysis,  instead  of  being  thrown 
into  the  room,  were  conducted  through  a  tin  pipe,  T,  into  these 
houses  over  the  surface  of  the  rubber,  consequently  producing  equi- 
librium in  moisture  content  on  the  inside  and  outside  of  the  rubber 
diaphragm.  This  modification  gave  good  results  for  the  determina- 
tion of  water.  No  diffusion  of  carbon  dioxid  through  the  diaphragm 
was  ever  observed. 

The  electrical  current  used  for  the  magnets,  M,  was  obtained  from 
a  220-volt  circuit  passed  through  a  series  parallel  arrangement  of  four 
couples  of  32-candlepower  lamps,  L.  In  case  the  electro-magnet 
failed  to  work,  the  lamps  would  not  be  lighted,  and  consequently  the 
attention  of  the  observers  would  be  drawn.  It  was  found  that  the 
large  current  required  to  operate  this  magnet  was  such  as  to  form  an 
arc,  and  consequently  a  blast  of  air  from  the  compressed-air  pipe  was 
constantly  blown  between  the  platinum  contact  points. 
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SAFETY  TRAP  FOR  AIR  PIPES. 

The  stoppage  of  the  air  current  between  the  calorimeter  chamber 
and  the  Blakeslee  pump,  while  not  likely  to  occur,  would  have  so 
serious  an  effect  on  the  pump  that  it  was  deemed  desirable  to  insert  a 
trap  of  the  form  shown  in  fig-.  9.  This  consists  of  an  iron  cup  with 
four  projections  fitting  the  narrowed  end  of  the  air  pipe,  the  cup 
being-  partly  filled  with  mercury.  The  depth  of  the  mercury  was 
such  that  if  any  considerable  tension  occurred  inside  the  pipe,  air 
would  be  drawn  from  the  room,  and  the  peculiar  bubbling  sound  of 
the  air  through  the  mercury  would  attract  the  attention  of  the 
observers.  In  our  experience  this  has  never  occurred  on  the  incom- 
ing air  pipe,  i.  e. ,  the  pipe  going  from  the  freezer  box  to  the  pump. 
Similar  traps  were  placed  on  the  pipes  leading  from  the  aliquoting 


Fig.  9.— Safety  trap  for  air  pipes. 


device  to  the  pans,  so  that  in  case  the  pans  became  too  full,  the  air 
would  escape  through  the  mercury  trap.  This  never  happened  during 
an  experiment,  but  in  preliminary  tests  this  safety  device  was  often 
found  extremely  useful. 


ANALYSIS  OF  AIR  FROM  PANS. 


The  air  sample  pans  receive  about  7£  liters  of  air  every  ten  minutes 
and  must  be  emptied  at  such  a  rate  that  this  amount  of  air  will  be 
withdrawn  before  the  next  sample  is  received.  By  means  of  a  suction 
pump  placed  near  the  ceiling,  and  of  a  similar  pattern  to  that  used  for 
the  analysis  of  the  incoming  air  (see  page  29),  a  partial  vacuum  is  con- 
stantly maintained  in  a  large  bottle,  not  shown  in  the  diagram,  from 
which  rubber  tubes  lead  to  the  U  tubes  through  which  the  air  samples 
are  drawn  for  determination  of  water  and  carbon  dioxid,  as  shown  in 
fig.  10.  Of  the  four  tubes,  the  first  (counting  from  the  left)  contains 
pumice  stone  drenched  with  sulphuric  acid  to  absorb  water,  the  sec- 
ond and  third  contain  soda  lime  for  the  absorption  of  carbon  dioxid, 
and  the  fourth  pumice  stone  and  sulphuric  acid  to  retain  the  moisture 
coming  from  the  soda  lime. 

If  the  air  is  withdrawn  too  rapidly — i.  e.,  faster  than  the  air  sam- 
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pies  are  delivered — the  rubber  diaphragms  will  be  drawn  close  to  the 
pans.  If  this  is  allowed  to  occur,  the  suction  may  be  so  great  as  to 
prevent  the  opening  of  the  valve  in  the  aliquoting  device  by  the  elec- 
tro-magnet. If,  on  the  other  hand,  the  samples  are  not  withdrawn 
with  sufficient  degree  of  rapidity,  the  air  will  accumulate  in  the  pans, 
the  rubber  diaphragms  will  be  inflated,  and  there  will  come  a  time  when 
there  will  not  be  room  enough  to  take  a  whole  sample,  and  consequently 
the  air  will  not  be  forced  out  of  the  steel  cylinders  of  the  meter  pump. 
As  the  cylinders  fall  of  their  own  weight,  a  slight  pressure  will  serve 


Fig.  10. — Device  for  collecting  and  analyzing  air  sample. 


to  hold  them  in  the  air,  and  serious  results  might  follow  if  the  walking 
beam  should  in  its  descent  strike  the  suspended  cylinder.  A  device 
was  introduced  whereby  the  amount  of  air  drawn  out  of  the  pans  could 
be  regulated  and  accidents  prevented.  The  rate  of  suction  from  the 
U  tubes  was  so  arranged  that  it  never  was  less  than  7£  liters  every  ten 
minutes  and  generally  exceeded  this;  consequently  the  danger  of  the 
pans  filling  was  minimized.  To  prevent  the  pans  becoming  exhausted 
a  mercury  trap,  T,  shown  in  fig.  10,  was  used.  The  air  leaving  the 
pans,  Pn'.  Pn",  enters  the  U  tubes  which  lie  on  an  inclined  support  and 
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are  thus  foreshortened  in  the  figure.  The  trap  tube,  T,  has  a  doubly 
perforated  rubber  stopper  at  the  top  and  is  drawn  out  at  the  bottom. 
Through  the  perforations  in  the  stopper  pass  two  smaller  glass  tubes 
with  elbows,  the  one  at  the  left  being  connected  b}^  one  end  to  the 
last  of  the  U  tubes  by  a  rubber  tube,  while  the  other  end  reaches 
nearly  to  the  bottom  of  T,  The  air  current  passes  through  T,  and  an 
empty  U  tube,  S,  into  the  Woulff  bottle,  W,  and  thence  to  the  small 
suction  pump.  A  rubber  tube  attached  to  the  constricted  portion  of 
T  connects  the  latter  with  a  mercury  bulb,  B.  This  bulb  is  attached 
by  silk  thread  and  a  pulley  system  to  the  rubber  diaphragm  on  the 
pan.  As  the  diaphragm  descends  the  bulb  is  raised,  the  mercury 
flows  into  the  lower  part  of  T,  and  at  a  certain  point  it  covers  the 
end  of  the  inner  tube  and  stops  the  air  current.  As  the  air  flows  in 
from  the  meter  pump,  the  pan  fills,  the  diaphragm  rises,  the  bulb 
falls,  the  mercury  seal  is  opened,  and  free  passage  for  the  air  is  again 
established.  The  Woulff  bottles,  which  are  partl}r  filled  with  water 
through  which  the  air  current  bubbles,  show  the  rate  of  passage  of 
the  air  by  the  rate  of  bubbling  and  serve  as  a  pressure  regulator  by 
admitting  air  from  the  room  when  the  mercury  cuts  off  the  supply  of 
air  from  the  U  tubes.  By  adjusting  the  pinchcock  on  the  glass  tube 
which  passes  through  the  middle  neck  of  the  Woulff  bottle  the  flow 
of  the  air  current  is  so  regulated  as  to  require  little  attention.  As  a 
matter  of  fact,  the  small  air  pump  is  run  at  a  speed  to  require  more 
air  than  is  furnished  by  the  samples,  and  consequently  more  or  less  air 
constantly  passes  through  the  central  tube  in  the  Woulff  bottle. 

To  insure  against  accident  whereby  a  pan  might  be  so  filled  as  to  be 
unable  to  receive  an  aliquot  sample  of  air  (7£  liters)  from  the  meter 
pump,  an  alarm  system  was  introduced.  Two  electrical  contacts,  J, 
fig.  7,  not  unlike  those  of  the  aliquot  system  of  the  meter  pump,  but 
using  a  much  smaller  current,  are  fastened  to  the  air  pipe  of  the  pump 
at  such  a  point  that  at  about  twenty-five  strokes  before  the  sample  is 
to  be  delivered  to  the  pan  the  projection  on  the  toothed  wheel  closes  one 
of  these  contacts.  If  the  rubber  diaphragm  is  above  a  certain  point — 
i.  e.,  that  showing  a  capacity  of  the  pan  to  receive  7i  additional  liters 
of  air — a  large  signal  gong  rings.  If  the  diaphragm  is  below  this  point 
the  connection  is  not  made.  To  the  diaphragm  is  fastened  a  silk  cord 
running  over  a  pulley  on  the  end  of  which  is  an  iron  rod,  R,  fig.  10. 
This  iron  rod  by  being  lowered  into  mercury  in  one  arm  of  a  U  tube 
raises  the  level  of  the  mercury  so  as  to  close  the  electric  circuit,  the 
final  closure  being  made  by  the  projection  on  the  toothed  wheel.  If, 
then,  both  contacts  are  made,  the  signal  bell  rings.  This  simple 
device  frequently  saved  considerable  trouble,  if,  indeed,  it  did  not  pre- 
vent accident  to  the  apparatus. 
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ANALYSIS  OF  AIR  ENTERING  THE  CALORIMETER. 

The  analysis  of  the  incoming  air  is  eff  scfed  by  drawing  a  sample 
slowly  through  U  tubes  containing  the  proper  absorbents  and  then 
through  a  10-liter  Elster  meter,  Me,  fig.  7.  The  sample  is  taken  just 
after  the  air  leaves  the  incoming  air  freezer  or  j  ust  before  it  enters  the 
respiration  calorimeter  chamber.  A  small  single-action  pump,  A,  fig. 
7,  is  fastened  to  the  bedplate  of  the  Blakeslee  pump  and  connected 
with  a  long  rod  to  the  rocker  arm  of  the  sleeve,  Se.  This  pump  makes 
a  partial  vacuum  in  an  8-liter  bottle,  B,  placed  on  the  floor,  which,  in 
turn,  is  connected  with  the  Elster  meter.  By  means  of  a  pet  cock  in 
a  T  tube  the  rate  of  flow  of  air  through  the  Elster  meter  can  be  regu- 
lated as  desired.  The  relative  arrangements  of  the  meter,  U  tubes, 
and  small  suction  pump  are  shown  in  fig.  7,  and  in  fig.  1  is  shown  the 
connection  of  the  meter,  M,  with  the  pipe  for  the  ingoing  air,  P2, 
by  means  of  the  small  pipe,  Sa.  The  course  of  the  air  current 
is  such  that  after  leaving  the  main  air  pipe  it  is  drawn  first  through 
the  three  U  tubes  containing  sulphuric  acid  and  soda  lime,  where  it 
is  freed  from  carbon  dioxid  and  water.  From  the  meter  the  air 
passes  to  the  bottle,  B,  from  which  it  is  taken  by  the  pump  and 
delivered  into  the  room. 

RECORDING  APPARATUS  FOR  THE  AIR  METER. 

The  Elster  meter  used  to  determine  the  volume  of  the  sample  of  the 
incoming  air  records  10  liters  and  repeats.  Since  from  160  to  220  liters 
are  taken  during  each  six-hour  period,  it  is  necessan^  to  have  some 
arrangement  for  counting  the  number  of  times  the  meter  records  10 
liters.  For  this  purpose  the  simple  electrical  device  shown  in  detail 
in  fig.  11,  and  in  its  general  relation  to  the  whole  sj^stem  in  fig.  7,  was 
constructed  by  our  mechanician,  Mr.  S.  C.  Dinsmore.  On  the  Elster 
meter  the  shorter  hand  in  passing  the  10-liter  mark  closes  an  electric 
circuit  which  is  arranged  in  series  with  one  of  the  magnets  on  the  reg- 
istering device.  When  the  circuit  is  closed  the  armature,  A,  is  drawn 
down  and  a  pin  point  makes  a  hole  in  the  paper  tape  which  travels 
over  the  roller  back  of  the  clockwork.  The  axis  of  the  minute  hand 
on  the  clock  is  extended  for  several  inches  and  carries  a  wooden  roll 
which  is  covered  with  rubber  and  upon  which  rests  a  metal  roll  held 
between  two  slotted  grooves.  The  paper  tape  travels  between  these 
two  rolls,  being  moved  along  as  the  clock  runs.  At  the  end  of  a  six- 
hour  period  the  air  sample  is  cut  off  when  the  10-liter  mark  on  the  meter 
is  reached,  and  the  number  of  holes  punched  in  the  tape  multiplied  by 
10  gives  the  number  of  liters  used  as  a  sample.  A  second  pair  of 
magnets  and  armature,  Ax,  was  formerly  used  to  mark  on  the  other 
edge  of  the  tape  the  beginning  and  end  of  a  run  by  punching  a  hole 
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in  it  when  the  circuit  was  closed  by  a  press  button.  Inasmuch  as  the 
number  of  liters  was  counted  and  recorded  at  the  end  of  each  run  on 
the  tape  torn  off,  this  was  not  used  in  later  experiments. 


Fig.  11.— Recording  apparatus  for  air  meter. 


THE  BICYCLE  DYNAMO  OR  ERGOMETER. 

For  the  purpose  of  measuring  the  amount  of  external  muscular  work 
done  in  an  experiment  inside  the  respiration  calorimeter  a  special 
form  of  bic}^cle  ergometer  was  devised.  In  the  first  experiment  on 
muscular  work,  namely,  No.  4  C,a  a  rather  primitive  method  of  meas- 
uring the  work  done  was  followed,  consisting  of  raising  and  lowering 


«U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  44,  p.  51. 


31 


a  block  of  iron  weighing  5.7  kilograms  by  means  of  a  cord  and  pulley. 
This  arrangement  for  measuring  muscular  work  was  unsatisfactory 
owing  to  the  introduction  of  the  error  of  negative  work  when  the 
weight  was  lowered,  and  to  the  fact  that  the  muscles  required  for  the 
exercise  were  not  those  commonly  accustomed  to  do  large  amounts 
of  work.  This  work  experiment  continued  for  three  days,  during 
which  the  work  was  done  for  eight  hours  per  day. 

The  fact  that  large  amounts  of  muscular  work  can  be  done  with  the 
legs  and  the  high  degree  of  efficiency  and  muscular  training  of  the 
bicyclist  suggested  the  use  of  the  bicycle  as  a  means  for  measuring 
muscular  energy.    Consequently  a  bicycle  arrangement  was  installed 


Fig.  12.— Bicycle  dynamo  or  ergometer. 


whereby  the  amount  of  external  muscular  work  could  be  measured 
much  more  accurately  than  that  done  by  raising  and  lowering  a 
weight.  The  apparatus  consisted  of  an  ordinary  bicycle,  the  front 
wheel  of  which  was  replaced  by  stationary  framework,  and  the  rear 
wheel  was  so  supported  in  an  iron  rack  or  frame  that  it  could  be  con- 
nected with  a  small  dynamo.  The  earliest  form  of  bicycle  ergometer 
had  a  solid  rubber  tire  in  which  a  groove  was  cut  and  the  connection 
with  the  dynamo  made  by  means  of  a  belt.  This  arrangement  was 
found  impracticable  because,  in  spite  of  constant  care,  the  belt  would 
keep  coming  off  and  the  subject  was  compelled  to  stop  working  and 
replace  it.    Later  the  apparatus  was  rearranged  essentially  as  is  shown 
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in  fig.  12.  In  this  arrangement  the  pneumatic  rubber  tire  of  the 
bicycle  pressed  directly  against  a  small  pulley  on  the  armature  shaft 
of  the  dynamo,  or,  more  properly,  the  pulley  was  pressed  against  the 
bicycle  tire.  By  passing  a  current  through  the  field  of  the  dynamo  a 
certain  degree  of  resistance  could  be  obtained  and  sufficient  current 
generated  to  light  a  lamp.  The  friction  of  the  wOoden  pulley  on  the 
rubber  tire  wore  the  latter  away  so  rapidly  that  it  was  found  neces- 
sary to  protect  the  rubber  tire  with  a  covering  of  heavy  canvas,  a  strip 
about  2  centimeters  wide  being  tightly  cemented  to  the  rubber  tire 
by  means  of  a  belt  cement.  A  similar  piece  of  canvas  was  attached 
to  the  wooden  pulley.  It  was  found  that  this  combination  protected 
both  the  pulley  and  the  tire  from  wear,  and  at  the  same  time  gave 
the  desired  friction.  The  tire  was  blown  up  at  the  beginning  of  an 
experiment,  and  as  extra  good  valves  were  used  the  inflation  was  not 
materially  diminished  at  the  close  of  the  experiment.  To  allow  for 
irregularities  or  inequalities  of  the  tire  the  dynamo  was  mounted  on  a 
rocking  base  and  the  necessary  tension  was  secured  by  a  turn-buckle 
and  a  coiled  spring  which  kept  the  pulley  of  the  dynamo  pressed 
against  the  tire  of  the  bicycle.  The  apparatus  as  thus  arranged  was 
used  in  experiment  No.  29  and  in  all  subsequent  work  experiments. 

In  this  form  of  bicj^cle  ergometer  the  energy  applied  to  the  pedals 
is  converted  into  heat,  partly  by  the  friction  in  the  pedals  and  work- 
ing parts  of  the  apparatus,  but  mostly  by  being  transformed  first  into 
electrical  energy  and  then  into  heat  either  in  the  armature  of  the 
dynamo  or  in  the  lamp.  Consequently  a  measure  of  the  electrical 
energy  passing  through  the  lamp  represents  only  a  part — the  larger 
part,  to  be  sure — of  the  energy  actually  transformed  into  external 
muscular  work.  To  obtain  appropriate  data  on  this  point  and  to 
calibrate  the  machine  two  different  methods  were  used.  In  the  first 
the  apparatus  connected  ready  for  use,  with  a  known  current  through 
the  field,  which  was  separately  magnetized,  was  coupled  directly  by 
means  of  a  shaft  with  a  flexible  coupling  to  a  one-half  horsepower 
motor,  which  was  run  by  an  electric  current  from  a  storage  battery. 
The  speed  at  which  the  bic37cle  ergometer  was  run  was  determined  by 
counting  the  number  of  revolutions  of  the  pedals  and  also  b}T  a  speed 
indicator  showing  the  revolutions  of  the  armature  shaft.  In  the 
earlier  calibrations  there  was  quite  a  discrepancy  between  these  two 
observations,  due  to  the  fact  that  either  the  pulley  or  the  tire  slipped 
somewhat;  but  later  when  the  canvas  was  applied  to  both  surfaces 
and  the  slipping  was  overcome,  only  the  revolutions  of  the  pedals 
were  taken,  as  the  pressure  of  the  speed  indicator  on  the  armature 
shaft  introduced  an  undesirable  error.  The  half  horsepower  motor 
was  run  at  different  speeds  with  no  load,  the  current  and  voltage  being 
measured  accurately,  and  the  resistance  of  the  armature  after  it  had 
run  for  some  time  being  carefully  measured  to  allow  for  the  heating 
effect  in  the  armature.    The  actual  number  of  watts  required  to  run 
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the  motor  with  no  load  was  thus  determined  for  different  rates  of 
speed.  After  coupling  with  the  bicycle  ergometer  a  similar  series  of 
observations  was  made  giving  the  energy  required  to  run  the  whole 
system.  Deducting  the  energy  required  to  run  the  motor  with  no 
load  gave  the  energy  required  to  drive  the  bicycle  dynamo. 

For  each  rate  of  speed  a  certain  voltage  on  the  lamp  was  observed 
and  in  actual  experiments  instead  of  recording  the  speed  the  observer 
recorded  the  voltage  on  the  lamp  every  four  minutes.  By  means  of 
this  data  and  the  curve  obtained  in  the  calibration  the  amount  of 
external  mechanical  work  done  could  be  calculated.  The  details  of  the 
electrical  connections  for  this  method  of  calibrating  the  apparatus  are 
shown  in  fig.  13. 

A  second  method  of  calibration  consisted  in  running  the  bic3^cle 
orgometer  itself  as  a  motor  and  measuring  the  amount  of  electricity 
required  to  run  the  system  at  different  speeds.  Obviously  the  lamp 
could  not  be  used  in  this  test,  and  consequently  to  the  values  obtained 
by  this  method  of  calibration  must  be  added  the  amount  of  electrical 


Fig.  13.— Electrical  connections  for  first  method  of  calibrating  bicycle  ergometer. 

energy  converted  into  heat  in  a  lamp  when  the  apparatus  is  used  as 
an  ergometer.  Fig.  14  shows  the  details  of  the  electrical  connections. 
The  fields  are  magnetized  with  a  constant  current  from  the  storage 
battery,  and  the  armature  supplied  with  a  constant  current  from  a 
similar  source.  By  counting  the  revolutions  of  the  pedals  and  making 
the  proper  corrections  for  the  heating  effect  in  the  armature  the  total 
energy  required  to  run  the  system  without  the  lamp  could  be  very 
accurately  determined.  As  before,  the  voltage  on  the  lamp  gave  the 
rate  of  speed  and  consequently  the  necessary  data  for  use  with  the 
curve  obtained  by  the  calibration  to  determine  the  amount  of  external 
muscular  work  done.  Calibrations  by  these  two  methods  agreed  very 
closely,  and  as  the  second  was  much  simpler  to  carry  out  than  the  first 
it  was  invariably  used  in  the  later  work. 

Owing  to  the  chance  for  varying  resistance  and  friction  the  bicycle 
ergometer  was  generally  calibrated  before  and  after  each  experiment, 
and  the  data  thus  obtained  used  for  calculating  the  amount  of  work 
done  in  any  given  experiment.    While  the  storage  battery  was  avail- 
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able  for  calibrations  it  was  not  available  for  the  long  experimental 
periods  of  eight  hours  per  day  for  nine  or  more  consecutive  days,  and 
consequently  we  had  to  rely  on  the  220-volt  city  current  to  magnetize 
the  fields  of  the  ergometer.  The  fluctuations  of  this  current,  while 
no  greater  than  that  commonly  found  in  city  circuits,  were  so  great  as 
to  introduce  serious  error  in  this  method  of  measurement  of  work, 
though  probably  for  the  total  eight  hours  the  fluctuations  tended  to 
counterbalance. 

The  necessity  for  much  greater  accuracy  in  the  determination  of  the 
amount  of  external  muscular  work  done  was  deemed  of  such  importance 
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Fig.  14. — Electrical  connections  for  second  method  of  calibrating  bicycle  ergometer. 

that  a  new  form  of  ergometer  based  on  an  entirely  different  principle 
has  been  devised  and  calibrated  and  is  at  present  in  use.  It  has  proved 
extremely  satisfactory.  By  means  of  this  new  ergometer  it  is  believed 
to  be  possible  to  measure  with  reasonable  accuracy  the  external  mus- 
cular work  done  in  a  given  time.  The  description  of  the  apparatus, 
together  with  the  experiments  made  with  it,  await  publication  in  detail. 

ACCURACY  OF  THE  APPARATUS  AND  METHODS— TEST  EXPERI- 
MENTS. 

The  potential  energy  of  the  food,  which  is  one  of  the  factors  of 
the  income  of  the  body,  and  that  of  the  unoxidized  materials  of  the 
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excreta,  which  belongs  to  the  outgo,  is  determined  by  the  bomb  calo- 
rimeter. In  the  transformation  of  potential  to  kinetic  energy  in  the 
body  the  larger  part,  including  that  of  internal  muscular  and  other 
work,  leaves  the  body  in  the  form  of  heat  and  is  measured  partly  as 
heat  absorbed  by  the  current  of  cold  water  which  passes  through  the 
heat-absorbing  pipes  in  the  chamber  and  partly  as  heat  carried  out  of 
the  chamber  in  water  vapor.  The  external  muscular  work  in  these 
experiments,  except  in  one  case,  was  performed  on  the  stationary 
bicycle-dynamo  described  above.  Accordingly,  in  testing  the  accuracy 
of  the  respiration  calorimeter,  the  carbon  dioxid,  water,  and  heat  given 
off  within  the  chamber  in  the  rest  experiments  must  be  determined, 
while  in  the  work  experiments  the  accuracy  of  the  bicycle  ergometer 
as  a  measure  of  the  muscular  work  done  must  also  be  determined,  as 
already  explained  (page  32). 

Beginning  with  heat  determinations  it  is  necessary  to  take  into 
account  that  which  is  carried  away  in  the  water  vapor.  This  is  com- 
puted from  the  amount  of  water  vapor  and  its  latent  heat  of  vapori- 
zation. For  the  latent  heat  of  evaporation  the  factor  0.592  has  been 
used  which  is  deduced  from  Regnault's  formula,"  as  modified  by  an 
obvious  correction.*  Although  this  is  probably  reasonably  accurate  it 
would  be  of  advantage  to  verify  it  hj  other  determinations  made  under 
conditions  similar  to  those  existing  in  the  respiration  calorimeter. 
Indeed,  some  preliminary  experiments  have  been  made  in  this  labora- 
tory along  this  line,  but  the  results  are  hardly  sufficient  for  use. 

To  give  conclusive  evidence  regarding  the  accuracy  of  the  respira- 
tion calorimeter  and  the  methods,  two  series  of  check  tests  were  devised 
and  employed.  The  novel  feature  of  the  apparatus  being  its  use  as  a 
calorimeter,  it  was  desirable  to  have  a  special  test  which  could  fre- 
quently be  used  for  checking  the  accuracy  of  the  measurements  of 
heat.  By  passing  a  current  of  electricity  through  a  resistance  coil 
inside  the  apparatus,  and  measuring  the  current  and  voltage,  a  known 
amount  of  heat  could  be  generated  inside  the  chamber,  and  this  amount 
compared  with  that  obtained  by  direct  measurement  by  means  of  the 
calorimeter.  The  method  formerly  used  for  determining  the  heat 
generated  inside  the  apparatus  involved  the  use  of  a  Kelvin  balance 
with  copper  voltmeters/  It  was  found  that  by  the  use  of  a  specially 
constructed  voltmeter  and  milli-ammeter  the  more  elaborate  connec- 
tions of  the  former  system  could  be  dispensed  with.  The  Weston 
Electrical  Instrument  Company,  of  Newark,  X.  J.,  furnished  us  with 
a  voltmeter  and  milli-ammeter  that  they  guaranteed  to  give  readings 
to  within  one-tenth  of  1  per  cent — an  accuracy  sufficient  for  our  work. 
As  a  matter  of  fact,  from  time  to  time  both  these  instruments  have 
been  compared  with  a  large  Weston  standard  voltmeter,  and  the 

«Mern.  Acad.  Roy.  Sci.  Inst.  France,  26  (1862),  p.  886. 

&TJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  63,  p.  58. 

clbid.,  p.  39. 


36 


milli -ammeter  with  a  Kelvin  balance.  In  general  no  noticeable  differ- 
ences were  observed.  The  present  arrangement  consists  of  a  100-ohm 
resistance  coil  of  German-silver  wire,  capable  of  carrying  1^  amperes, 
which  is  suspended  inside  the  calorimeter  chamber,  and  proper  connec- 
tions made  with  the  voltmeter  for  determining  the  voltage  at  the 
ends  of  the  coil.  A  current  from  a  storage  battery  is  first  passed 
through  a  variable  resistance,  and  then  through  the  Weston  milli- 
ammeter,  and  finally  through  the  resistance  coil  in  the  chamber. 
Readings  on  both  electrical  instruments  are  made  with  a  reading 
glass,  and  are  accurate  to  1  part  in  1,000.  This  method  of  testing  the 
calorimeter  is  very  satisfactory  and  a  test  can  be  made  in  a  few  hours. 

Inasmuch  as  but  one  (heat)  of  the  factors  measured  with  the  respira- 
tion calorimeter  in  experiments  with  men  is  determined  by  this  method, 
a  second  method  was  devised  whereby  known  quantities  of  heat,  carbon 
dioxid,  and  water  could  be  liberated  within  the  chamber  and  conse- 
quently compared  with  the  amounts  as  found  by  actual  measurement 
by  means  of  the  apparatus.  It  was  found  that  a  high-grade  commercial 
ethyl  alcohol  when  burned  in  a  simple  Argand  (kerosene)  lamp  was  com- 
pletely oxidized  to  carbon  dioxid  and  water.  The  heat  liberated  from 
1  gram  of  this  alcohol  was  determined  by  actual  combustion  in  the 
bomb  calorimeter  and  the  amount  of  carbon  dioxid  and  water  calcu- 
lated from  the  composition  of  the  alcohol/'  In  general  the  alcohol 
used  in  these  experiments  was  not  far  from  90  percent  ethyl  hydroxid 
by  weight.  From  these  data  the  calculation  of  the  amount  of  carbon 
dioxid  and  water  vapor  liberated  by  the  combustion  of  1  gram  of 
alcohol  is  easily  made. 

Since  the  respiration  calorimeter  was  completed  27  check  experi- 
ments (see  Table  1,  page  37),  in  which  ethyl  alcohol  was  burned  in  the 
respiration  chamber,  have  been  made  in  sufficient  detail  to  serve  as 
true  tests  of  the  accuracy  of  the  apparatus,  10  of  these,  viz,  Nos.  18-27, 
belong  with  metabolism  experiments  Nos.  35-55  here  described. 

Alcohol  check  experiment  No.  18  was  begun  December  4,  1900,  and 
was  followed  immediately  by  metabolism  experiments  Nos.  35  and  36, 
although  the  carbon  dioxid  found  was  higher  than  the  theoretical 
amount.  At  the  close  of  this  experiment  test  experiment  No.  19  was 
made,  which  gave  low  figures  for  carbon  dioxid  and  water.  This  was 
followed  in  January,  1901,  by  metabolism  experiments  Nos.  37-39. 
In  February  test  experiment  No.  20  was  made,  giving  very  satisfac- 
tory results,  and  was  followed  immediately  by  metabolism  experiments 
Nos.  40-42.  Test  experiment  No.  21  gave  a  very  high  figure  for  the 
water,  but  No.  22,  which  followed  it  two  weeks  later,  gave  satisfacto^ 
results,  and  was  followed  by  metabolism  experiments  Nos.  43-48 
without  further  tests,  although  these  experiments  were  made  at  inter- 
vals during  a  period  of  six  weeks. 


«U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bills.  63,  p.  50;  69,  p.  9. 
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The  next  test  experiment,  No.  23,  was  made  in  March,  1902,  and  as 
the  water  determination  was  3  per  cent  too  high,  a  second  test  experi- 
ment, No.  24,  followed  it  in  the  same  month.  In  this  experiment  the 
determination  of  water  as  well  as  that  of  the  heat  was  too  high.  Four 
days  later  a  third  test  experiment,  No.  25,  was  made.  While  the 
results  were  satisfactory  so  far  as  carbon  dioxid  and  heat  are  con- 
cerned, the  water  determination  still  remained  somewhat  higher  than 
the  theoretical  value.  These  tests  were  followed  by  metabolism  exper- 
iments Nos.  49-51. 

In  April  test  experiment  No.  26  was  made,  and  a  high  percentage 
of  water  was  again  found. 

The  following  table  gives  the  summary  of  all  the  test  experiments 
made  with  the  respiration  calorimeter,  of  which,  as  was  stated  before, 
he  last  ten  were  made  in  connection  with  the  present  experiments. 

Table  1. — Summary  of  alcohol  check  experiments  Nos.  1-27 . 


Carbon  dioxid. 

Dura- 
tion. 

Alcohol 
burned. 

Found. 

Re- 
quired. 

Ratio  of 
amount 
found  to 
amount 
required. 

Hrs. 

min. 

Grams. 

Grams. 

Grams 

52 

31 

955.4 

1  657. 6 

1  657. 2 

100. 0 

29 

DO 

798.8 

1,384.4 

1, 385.  6 

99.9 

33 

50 

505.4 

887.8 

876.7 

101.3 

34 

33 

797.  7 

[1,335.7 

1,384.8 

96.5] 

35 

9 

loo.  z 

1,376.7 

1, 365. 1 

100.8 

11 

39 

245  3 

417.  6 

423. 1 

98. 6 

5 

50 

112.2 

193.5 

193.5 

100.0 

77 

57 

1,607.8 

2, 769.  7 

2,  784. 4 

99.5 

35 

55 

699.7 

1,198.9 

1,206.9 

99.4 

35 

44 

666.7 

1, 163. 9 

1,159.8 

100.3 

35 

0 

751.2 

1,293.7 

1,  304. 2 

99.2 

27 

56 

619.  4 

1, 067.  7 

1,075.4 

99.3 

24 

0 

545.7 

943.9 

947.8 

99.6 

52 

40 

1,001.6 

1, 744.  6 

1,  738. 9 

100.3 

37 

40 

825.4 

1,424.9 

1,428.6 

99.7 

26 

12 

438.7 

753.2 

759.3 

99.2 

29 

59 

539.2 

928. 8 

933.3 

99.5 

39 

15 

579.7 

1, 109.  9 

1,074.6 

103.3 

36 

2 

652.1 

1, 108. 1 

1, 134. 8 

97.6 

36 

36 

768.1 

1,309.1 

1, 334. 3 

98.1 

21 

9 

389.5 

673.5 

676.6 

99.5 

12 

0 

206.1 

357.3 

358.  0 

99.8 

68 

37 

1,313.2 

2, 322. 2 

2, 291. 2 

101.4 

53 

'  4 

948.6 

1,661.7 

1,654.6 

100.4 

54 

31 

1,053.2 

1,  850.  2 

1, 837. 5 

100.7 

30 

13 

577.6 

1,021.0 

1,007.8 

101.3 

29 

17 

578.2 

[923.  9 

1, 009. 0 

91.6] 

317 

20 

6, 510.  5 

9, 878. 2 

9, 891. 7 

100.1 

269 

11 

5,387.9 

9, 320.7 

.  9, 346. 8 

99.7 

380 

44 

7, 066.  3 

10,  982. 3 

10, 984. 0 

100.0 

No. 


Date. 


1-  9« 
10-17a 
18-27« 


Apr.  27-29,1897. 
May  10-11,1897. 
May  26-27, 1897. 
Oct.  27-28,1897. 
Nov.  2-  3,1897. 

Dec.  2,1897  

Jan.  6,  1898  

Jan.  24-27,1898. 
May  9,1898  

Nov.  3-  4,1898. 
Nov.  15-16, 1898. 
Dec.  13-14,1898. 
Feb.  24-25,1899. 
Mar.  29-31,1899. 
Dec.  13-14, 1899. 
Dec.  19-21,1899. 
Apr.   6-  7,1900. 

Dec.  4-  6, 1900. 
Dec.  14-15, 1900. 
Feb.  22-23,1901. 
Mar.  7-  8,1901. 
Mar.  22-23,1901. 
Mar.  5-  8, 1902  . 
Mar.. 12-14, 1902. 
Mar.  18-20,1902. 
Apr.  11-12,1902. 
May   1-  2, 1902. 


1897-  98  . . 

1898-  1900 
1900-1902 


a  Omitting  carbon  dioxid  in  Nos.  4  and  27;  water  in  Nos.  3,  4, 16,  and  17,  and  heat  in  Nos.  14, 15,  and  24. 
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Table  1. ^Summary  of  alcohol  check  experiments  Nos.  1-27 — Continued. 


Date. 


Dura- 
tion. 


Alcohol 
burned. 


Water. 


Found. 


Re- 
quired. 


Apr.  27-29,1897. 
May  10-11,1897. 
May  26-27,1897. 
Oct.  27-28,1897. 
Nov.   2-  3,1897. 

Dec.  2,  1897  

Jan.  6,  1898  

Jan.  24-27,1898. 
May  9,  1898  

Nov.  3-  4,1898. 
Nov.  15-16,1898. 
Dec.  13-14,1898. 
Feb.  24-25,1899. 
Mar.  29-31,1899. 
Dec.  13-14,1899. 
Dec.  19-21,1899. 
Apr.    6-  7,1900. 

Dec.  4-  6.1900. 
Dec.  14-15,1900. 
Feb.  22-23,1901. 
Mar.  7-  8,1901. 
Mar.  22-23,1901. 
Mar.  5-  8,1902. 
Mar.  12-14,1902. 
Mar.  18-20,1902. 
Apr.  11-12,1902. 
May    1-  2,1902. 


Hrs.  min  . 

52  31 

29  56 

33  50 

34  33 

35  9 
11  39 

5  50 

77  57 

35  55 


Grams. 
955.4 
798.8 
505.4 
797.7 
788.2 
245.3 
112.2 

1,607.8 
699.7 


Grams. 

1, 109. 7 
925.0 
[627. 9 

[1,007.9 
920. 8 
287. 5 
131.3 

1,881.6 
807.9 


Grams. 

1, 106. 1 
924. 8 
585.1 
925.7 
912. 3 
283.7 
129.8 

1,860.8 
809.3 


35  44 

35  0 

27  56 

24  0 

52  40 

37  40 

26  12 

29  59 


751.2 
619. 4 
545.7 
1, 001. 6 
825. 4 
438.7 
539.2 


39  15 
36  2 


1897-  98  . . 

1898-  1900 
1900-1902 


68  37 

53  4 

54  31 
30  13 
29  17 


579.7 
652. 1 
768.1 
389.5 
206.1 

1, 313. 2 
948.6 

1,053.2 
577.6 
578.  2 


317  20 
269  11 
380  44 


6, 510. 5 
5, 387. 9 
7, 066.  3 


773.5 
878.2 
705. 7 
643.4 
1, 187. 0 
945.9 
527.7 
[653.9 


772.5 
869.8 
717.2 
631.9 
1, 159. 7 
955.1 
507.6 
623.8 


762. 9 
745.5 
900.0 
[473. 2 
243.3 
1,570.8 
[1, 148. 3 
1,247.9 
[698.  5 
[726. 1 


750.2 
757.4 
889.6 
451.0 
238.6 
1,521.6 
1,098.8 
1, 220. 4 
669.2 
670.0 


6, 063. 8 
5,133.7 
8, 225. 9 


6, 027. 3 
5, 106.4 
7, 974. 8 


Dura- 
tion. 

Alcohol 
burned. 

Heat. 

Found. 

Re- 
quired. 

Ratio  of 
amount 
found  to 
amount 
required. 

Hrs.  min. 

Grams. 

Calories. 

Calories. 

Per  cent. 

52  31 

955.4 

6,077 

6,129 

99.2 

29  56 

798.8 

5, 167 

5, 124 

100.8 

33  50 

505. 4  . 

3,217 

3,242 

99.2 

34  33 

797.7 

5, 142 

5, 121 

100.4 

35  9 

788.2 

5,050 

5, 048 

100.0 

11  39 

245.3 

1,557 

1,565 

99.5 

5  50 

112.2 

731 

716 

102.1 

77  57 

1, 607. 8 

10, 269 

10, 295 

99.7 

35  55 

699.7 

4,466 

4,463 

100.1 

Apr.  27-29, 1897 
May  10-11, 1897 
May  26-27,1897 
Oct.  27-28,1897 
Nov.  2-  3, 1897 
Dec.  2,  1897.... 
Jan.  6,  1898. . . . 
Jan.  24-27,1898 
May  9,  1898.... 


t  Omitting  carbon  dioxid  in  Nos.  4  and  27;  water  in  Nos.  3,  4, 16,  and  17,  and  heat  in  Nos.  14, 15,  and  24. 
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Table  1. — Summary  of  alcohol  check  experiments  Nos.  1-21 — Continued. 


No. 


Dura- 
tion. 


Heat. 


Alcohol 
burned. 


Found. 


Re- 
quired. 


Ratio  of 
amount 
found  to 
amount 
required. 


10 
11 
12 
13 
14 
5 
16 
17 

\  is 

19 

20 
21 
22 
23 
24 
25 
26 
27 
1-  9a 
10-17« 
18-27«- 


Nov.  3-  4,1898 
Nov.  15-16, 1898 
Dec.  13-14,1898 
Feb.  24-25,1899 
Mar.  29-31,1899 
Dec.  13-14,1899 
Dec.  19-21,1899 
Apr.   6-  7. 1900 

Dec.  4-  6,1900. 
Dec.  14-15, 1900. 
Feb.  22-23, 1901 
Mar.  7-  8,1901 
Mar.  22-23,1901. 
Mar.  5-  8,1902 
Mar.  12-14,1902 
Mar.  18-20,1902 
Apr.  11-12,1902. 
May  1-2,1902 

1897-  98   

1898-  1900   

1900-1902  


Hrs.  m  in. 

35  44 

35  0 

27  56 

24  0 

52  40 

37  40 

26  12 

29  59 


Grams. 
666.7 
751.2 
619.4 
545.7 

1,001.6 
825.4 
438.7 
539. 2 


39  15 
36  2 


68  37 

53  4 

54  31 
30  13 
29  17 


579.7 
652.1 
768.1 
389.5 
206.1 

1,  313.  2 
948.6 

1,053.2 
577.6 
578. 2 


317  20 
269  11 

380  44 


6, 510.  5 
5, 387. 9 
7, 066. 3 


Calories. 
4,269 
4,844 
3,960 
3,498 
[6, 223 
[5, 145 
2, 802 
3,465 


Calories. 
4,289 
4,823 
3,977 
3, 504 
6,431 
5, 283 
2,808 
3,451 


Per  cent. 
99.5 
100.5 


96. 7] 
97.5] 
99.7 
100.3 


3,624 
3,736 
4,408 
2,230 
1,194 
7,621 
[5, 584 
6,104 
3,321 
3,353 


3,  731 
4,408 
2, 235 
1,183 
7,573 
5, 469 
6,073 
3,  331 
3, 334 


99.0 
100.1 
100.0 
100.2 
100.9 
100.6 
102. 1] 
100.5 

99.7 
100.6 


41, 676 
22,845 
34, 288 


41,757 
22, 893 
34, 230 


a  Omitting  carbon  dioxid  in  Nos.  4  and  27;  water  in  Nos.  3,  4, 16,  and  17,  and  heat  in  Nos.  14,  15,  and  24. 

The  discrepancies  in  the  alcohol  check  experiments  Nos.  21-27  call 
for  a  word  of  comment.  It  will  be  observed  that  the  chief  difficulties 
were  in  the  determinations  of  water.  '  In  nearly  every  case  the  carbon 
dioxid  determinations  were  satisfactory,  as  were  also  those  of  heat 
except  in  so  far  as  they  were  probably  affected  by  errors  in  the  deter- 
minations of  the  amount  of  moisture.  It  will  be  remembered  that  a 
certain  amount  of  heat  is  used  in  evaporating  the  water  which  is 
brought  out  of  the  chamber  by  the  air  current,  and  that  the  amount  of 
heat  thus  brought  out  is  measured  by  the  amount  of  moisture.  Any 
circumstance,  therefore,  which  will  introduce  an  error  into  the  moist- 
ure determination  introduces  a  corresponding  error  in  the  heat  deter- 
mination. Water  has  been  found  to  be  the  most  difficult  factor  for 
accurate  determination  in  these  experiments.  As  already  explained 
(see  page  17),  there  was  apparently  a  condensation  of  moisture  on  the 
inner  surface  of  the  valve  box  which  seemed  to  affect  the  accuracy  of 
some  of  its  determinations.  It  was  also  difficult  to  absolutely  prevent 
leakage  of  air  into  the  apparatus,  although  the  errors  so  introduced 
were  small. a 


a  For  a  fuller  discussion  of  the  influence  of  these  errors  on  the  metabolism  experi- 
ments proper  see  page  89,  metabolism  experiments  Nos.  52-55. 
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DETAILS  OF  METABOLISM  EXPERIMENTS  NOS.  35-55. 

The  present  section  is  devoted  to  the  details  of  experiments  Nos. 
35-55,  inclusive.  Their  relation  to  the  other  experiments  in  order  of 
time  and  in  general  character  is  indicated  in  the  chronological  list 
(Table  69,  page  101). 

GENERAL  DESCRIPTION  OF  THE  EXPERIMENTS. 

Questions  studied. — Aside  from  the  general  purpose  of  obtaining 
data  regarding  the  transformations  of  matter  and  energy  and  the  out- 
put of  carbon  dioxid  and  heat  under  different  conditions  of  work  and 
rest  and  at  different  periods  of  the  day,  these  experiments  had  four 
specific  objects,  namely: 

(1)  The  study  of  the  relation  between  muscular  work  and  the  metab- 
olism of  matter  and  energy;  this  involves  the  question  of  the  effi 
ciency  of  the  body  as  a  prime  motor;  (2)  the  comparison  of  carbo- 
hydrates and  fats  as  sources  of  energy  for  muscular  work;  (3)  the 
obtaining  of  positive  proof  that  the  energy  of  protein  is  used  for  mus- 
cular work,  and  (4)  the  study  of  the  metabolism  of  matter  and  energ}^ 
when  fasting. 

Subject. — Experiments  Nos.  35-55  were  all  made  with  one  subject, 
Mr.  J.  C.  Ware,  a  student  in  Wesleyan  University.  He  was  22  years 
of  age  at  the  beginning  of  the  experiments,  stood  5  feet  10  inches  in 
his  stockings,  had  a  chest  measure  of  37  inches,  and  weighed,  in  his 
underclothes,  about  76  kilograms  (168  pounds).  His  general  build  is 
symmetrical,  his  shoulders  are  broad,  and  his  muscles  very  well 
developed.  Although  this  was  the  first  time  he  had  served  as  a  subject, 
he,  like  the  subjects  of  the  previous  experiments,  did  not  find  the  con- 
finement in  the  chamber  uncomfortable.  His  naturally  excellent  health 
and  robust  physique  were  well  adapted  to  the  demands  of  the  "work 
experiments"  which  he  engaged  in.  That  he  had  been  a  leading 
bicycle  rider  on  the  ■'  Varsity  "  track  team  was  a  special  reason  for 
selecting  him  as  a  subject.  The  fact  that  he  worked  sixteen  hours 
during  one  day  of  experiment  No.  55  and  felt  no  unusual  fatigue  shows 
that  the  choice  was  well  made. 

Work,  rest,  and  fasting  experiments. — The  majority  of  the  experi- 
ments were  so-called  work  experiments  in  which  the  subject  was 
engaged  for  eight  hoars  per  da}^  in  riding  the  stationary  bicycle  which 
was  connected  with  a  dynamo  and  served  as  an  ergometer,  as  described 
on  page  30.  The  amount  of  work  done  was  regarded  as  reasonable 
and  not  at  all  excessive.  In  experiment  No.  55,  however,  he  rode  the 
ergometer  sixteen  hours  in  one  day  and  the  amount  of  work  was  large. 
In  the  rest  experiments  he  remained  as  quiet  as  was  consistent  with 
comfort,  the  only  muscular  work  being  that  necessitated  by  undress- 
ing and  dressing,  folding  and  unfolding  the  bed,  chair,  and  table, 
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caring  for  the  excreta,  and  weighing  himself  and  the  absorbers. 
Most  of  the  time  was  spent  in  reading,  writing,  or  reclining  on  the 
bed.  In  four  rest  experiments,  one  of  two  days  and  three  of  one  day 
each,  he  fasted,  the  other  conditions  being  the  same  as  before. 

Bat  Ion — Proportion  of  nutrients. — A  basal  or  standard  ration  was 
chosen  for  each  set  of  experiments.  The  menu  was  simple,  the  diet 
being  made  up  of  ordinary  food  materials,  such  as  were  agreeable  to 
the  subject  and  ^vas  as  varied  and  palatable  as  was  consistent  with  con- 
venient preparation  and  accurate  sampling.  The  nutrients  were  gen- 
erally in  such  proportions  as  to  maintain  the  body  nearly  in  nitrogen 
and  carbon  equilibrium  under  the  conditions  of  each  experiment, 
whether  work  or  rest,  though  the  proportion  of  protein  was  purposely 
rather  small  in  order  the  better  to  test  the  effect  of  the  fats  and  car- 
bohydrates. In  some  of  the  experiments  with  the  more  severe  work, 
however,  the  food  was  insufficient  to  meet  the  demand  and  the  body 
drew  more  or  less  heavily  upon  its  previously  stored  material,  as  was 
of  course  the  case  (and  in  a  still  larger  degree)  in  fasting  experiments. 

Food  materials  and  preparation  . — Much  care  was  observed  in  pre- 
paring the  food  materials  and  in  taking  samples  for  analysis.  With 
the  exception  of  the  milk,  which  varied  somewhat  in  composition  and 
was  analyzed  each  day,  the  proper  quantity  of  each  kind  of  food, 
either  for  each  meal  or  for  a  whole  day,  was  placed  in  glass  jars  before 
the  experiment  began,  materials  which  might  spoil  during  the  course 
of  the  experiment,  such  as  bread  and  meat,  being  sterilized  and  most 
of  them  kept  in  a  refrigerator. 

The  meat  selected  was  lean  beef  which  was  specially  prepared  through 
the  kindness  of  Armour  &  Co. ,  of  Chicago.  The  meat  of  a  rather  lean 
animal  was  freed  as  completely  as  practicable  from  fat  and  sealed  in 
tin  cans  by  the  method  usually  followed  in  preparing  canned  boiled 
beef.  By  this  process  a  portion  of  the  extractives  (meat  bases)  is  also 
removed.  This  canned  meat  is  palatable  and  has  kept  in  the  cans  for 
several  years  without  any  apparent  deterioration  in  flavor  or  other- 
wise. The  deviled  ham  used  in  a  few  cases  was  one  of  the  well-known 
commercial  preparations  of  ham  with  spices,  sold  in  tin  cans.  The 
graham  crackers  (sometimes  called  biscuit)  were  a  commercial  product 
said  to  be  made  of  graham  (wheat)  flour.  They  are  prepared  without 
yeast,  and  contain  but  little  water.  The  ginger  snaps  used  were 
also  one  of  the  ordinary  commercial  brands.  The}'  were  small,  thin, 
dry  cakes  made  of  flour  and  supposed  to  be  sweetened  with  molasses 
and  flavored  with  ginger.  The  shredded- wheat  biscuit,  a  commercial 
product,  apparently  contained  nothing  but  wheat,  shredded  without 
the  removal  of  the  bran,  and  roasted.  The  "cereal  coffee"  used  was 
a  decoction  made  from  one  of  the  brands  now  manufactured  in  the 
United  States.  The  bread  was  ordinary  wheat  bread  from  a  local 
bakery.    After  the  loaves  were  received  at  the  laboratory,  the  brown 
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crust  was  removed,  the  interior  white  crumb  cut  in  small  pieces  and 
weighed  portions  sealed  in  glass  fruit  jars. 

With  the  food  thus  prepared  before  the  experiment  began,  the  prep- 
aration of  a  meal  consisted  solely  in  making  a  decoction  of  the  cereal 
coffee,  measuring  the  required  quantities  of  milk  and  selecting  the 
proper  cans  of  meat,  bread,  or  other  food  materials. 

Collection  of  feces. — The  feces  evacuated  each  day  were  dried  and 
the  total  amount  for  the  experiment  mixed  and  reserved  for  analysis. 
The  separations  in  each  case  were  effected  by  means  of  lampblack, 
taken  in  a  gelatin  capsule  with  the  meal  just  preceding  the  experiment 
and  with  the  last  meal  of  the  experiment. 

Collection  of  urine. — The  urine  for  each  experimental  day  was  col- 
lected in  two  six-hour,  one  four-hour,  and  one  eight-hour  period.  A 
small  portion  of  each  collection  was  immediately  analyzed  and  another 
reserved  as  part  of  a  composite  sample  of  the  urine  for  the  day.  A 
sample  of  this  was  analyzed  and  the  balance  preserved  by  adding  for- 
malin was  used  in  making  a  composite  sample  for  the  whole  experiment. 

Analysis  of  food,  feces,  and  urine. — When  the  food  required  for  a 
scries  of  experiments  was  prepared  a  sample  of  each  kind  (excepting 
milk),  was  reserved  for  analysis,  especial  care  being  taken  to  secure  a 
representative  sample.  The  milk  was  anatyzed  daily,  a  sample  being 
taken  when  the  supply  for  the  day  was  measured  out  for  use. 

Samples  of  the  total  dried  feces  for  the  whole  experiment  were 
analyzed.  The  total  amounts  of  the  several  ingredients  present  divided 
by  the  number  of  days  covered  by  the  experiment  were  assumed  to 
represent  the  amounts  excreted  per  da\T.  This  assumption  is  commonly 
made  in  such  experiments  and  is  probably  incorrect,  but  with  the 
uniformit}7  of  food,  exercise,  and  other  conditions,  and  the  general 
regularity  of  the  digestive  and  excretive  functions,  it  is  believed  that 
the  variations  from  day  to  day  are  not  great  enough  to  affect  the 
results  materially. 

The  amount,  specific  gravity,  and  nitrogen  content  of  the  urine  of 
each  day  were  determined  in  samples  of  the  portions  collected  at  the 
four,  the  eight  and  the  two  six-hour  intervals.  The  nitrogen  content 
and  heat  of  combustion  of  the  unoxidized  material  in  the  urine  were 
determined  both  for  the  day  and  for  the  whole  experiment.  The 
carbon  and  hydrogen  content  were  determined  in  the  composite 
sample  of  the  whole  experiment  or  series  of  experiments,  and  the 
amounts  divided  among  the  different  days  in  proportion  to  the  amount 
of  nitrogen  found  in  the  urine  on  those  days.a 

Methods  of  analysis. — The  ordinary  determinations  of  water,  nitro- 
gen, ether  extract,  and  ash  were  made  according  to  the  methods 
recommended  by  the  Association  of  Official  Agricultural  Chemists,6 

«U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  69,  pp.  21  and  35. 
h  IT.  S.  Dept.  Agr. ,  Bureau  of  Chemistry  Bui.  46  rev. 
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with  such  modifications  of  apparatus  and  methods  as  have  been  found 
of  advantage.  The  carbon  and  hydrogen  were  determined  according 
to  the  modified  Liebig  method,  using  soda  lime  as  an  absorbent  of 
carbon  dioxid. rt 

The  determinations  of  heat  of  combustion  were  made  with  the  form 
of  bomb  calorimeter  which  has  been  in  use  in  this  laboratory  for  a 
number  of  years,  and  which  has  recently  been  described  in  detail.6 

Determination  of heat,  water  vapor,  and  carbon  dioxid. — The  deter- 
minations of  heat,  water  vapor,  and  carbon  dioxid  given  off  from  the 
body,  were  made  for  two-hour  periods,  and  the  complete  data  show 
the  total  amounts  as  determined  for  each  day  of  the  experiments  for 
periods  ending  at  9  a.  m.,  11  a.  m.,  1  p.  m.,  3  p.  m.,  op.  m.,  7  p.  m. , 
9  p.  m..  11  p.  m.,  1  a.  m.,  3  a.  m.,  5  a.  m.,  and  7  a.  m. 

Division  of  experimental  days  into  periods  by  hours. — The  experi- 
ments are  divided  into  days  of  twenty-four  hours  each,  beginning  and 
ending  at  7  a.  m.  These  days  are  divided  into  four  periods,  namely, 
two  six-hour  or  day  periods— from  7  a.  m.  to  1  p.  m.,  and  from  1  p.  m. 
to  7  p.  m. — and  one  four  and  one  eight-hour  night  period — from  7 
p.  m.  to  11  p.  m..  and  from  11  p.  m.  to  7  a.  m.  The  original  plan  was 
to  divide  the  day  into  four  six- hour  periods,  but  this  was  abandoned 
as  it  was  found  that  the  subject,  after  being  called  at  1  a.  m.  to  pass 
his  urine,  did  not  usually  fall  asleep  again  readily. 

The  hour  of  7  a.  m.  was  selected  as  the  beginning  of  the  experi- 
mental day.  because  it  is  believed  that  the  condition  of  the  body  as 
regards  the  materials  in  the  alimentary  canal  and  of  carbohydrates 
and  oxygen  in  the  fluids  and  tissues  would  be  more  nearly  constant, 
from  day  to  day,  after  a  night's  rest  and  after  the  longest  period 
between  meals  than  at  any  other  time. 

Number  of  days  in  each  experiment. — Each  individual  experiment 
covered  from  one  to  four  experimental  days,  and  was  intended  as  a 
test  of  some  particular  diet  or  other  condition.  A  change  of  diet  or 
other  important  factor  meant  a  change  of  experiment.  Each  experi- 
ment has  its  serial  number.  (See  chronological  list  of  experiments  on 
page  101.) 

Division  of  experiments  into  series. — The  experiments  were  carried 
out  in  series,  each  including  from  two  to  four  experiments  and  lasting 
from  five  to  ten  days,  and  being  intended  for  the  comparison  of  two 
different  diets.  In  several  cases  the  last  experiment  of  the  series 
was  of  a  single  day's  duration  and  the  subject  fasted.  The  21  experi- 
ments here  described  were  all  made  with  J.  C.  W.  and  were  divided 
into  seven  series. 

Preliminary  digestion  experiments. — Each  series  of  respiration  cal- 
orimeter experiments  or  "metabolism*'  experiments,  as  they  are  called. 


flF.  G.  Benedict,  Elementary  Organic  Analysis,  Easton,  Pa.,  1900. 
&Jour.  Ainer.  Chem.  Soc,  25  (1903),  p.  659. 
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was  preceded  by  a  preliminary  digestion  experiment  in  which  the 
food,  exercise,  and  other  conditions  were  as  nearly  as  practicable  the 
same  as  in  the  first  metabolism  experiment  of  the  series  and  which 
served  to  accustom  the  subject  to  the  diet,  to  bring  the  body  into 
approximate  nitrogen  and  carbon  equilibrium,  to  test  the  digestibility 
of  the  food  under  conditions  such  as  ordinarily  obtain  and  learn 
whether  the  digestibility  was  affected  to  any  considerable  degree  by 
the  sojourn  in  the  respiration  chamber.  Any  necessary  change  in  the 
diet  was  made  during  this  period. 

Preliminary  night. — The  subject  entered  the  calorimeter  on  the 
evening  of  the  last  day  of  the  preliminary  digestion  experiment  and 
retired  at  about  11  o'clock.  During  this  night,  which  is  not  included 
in  the  experiment  proper,  the  observer  outside  was  enabled  to  bring 
the  inner  air  and  metal  walls  of  the  chamber,  and  the  inner  air  jacket 
surrounding  the  latter,  to  the  desired  temperature  of  20°  C,  or 
thereabouts,  while  the  proportions  of  carbon  dioxid  and  water  in  the 
chamber  reached  those  of  the  experiment.  Thus  equilibrium  of  tem- 
perature, carbon  dioxid,  and  water  was  obtained  before  the  beginning 
of  the  metabolism  experiment. 

Order  of  experiments  and  series. — The  accompanying  table  will  show 
the  order  of  arrangement  of  the  series  of  metabolism  experiments 
with  the  corresponding  preliminary  experiments. 

Table  2. — Duration  and  character  of  metabolism  experiments  Nos.  35-55  and  correspond- 
ing preliminary  periods. 


Dura- 
tion. 

Character  of  diet. 

Physical 
condi- 
tion. 

Days. 

4 

Carbohydrate  

Rest. 

4 

 do  

Do. 

1 

Fasting  

Do. 

3 

Carbohydrate  

Work. 

4 

.....do  

Do. 

4 

Fat  

Do. 

1 

Fasting  

Rest. 

4 

Carbohydrate  

Work. 

4 

 do 

Do. 

4 

Fat  

Do. 

1 

Fasting  

Rest. 

4 

Fat  

Work. 

4 

 do..  

Do. 

4 

Carbohydrate  

Do. 

1 

Fat  

Do. 

4 

 do  

Do. 

4 

 do  

Do. 

4 

Carbohydrate  

Do. 

1 

Fat  

Do. 

Series  12,  Dec.  5-14, 1900: 

Preliminary  digestion  experiment  No.  189. 

Metabolism  experiment  No.  35  

Metabolism  experiment  No.  36  

Series  13,  Jan.  8-20, 1901: 

Preliminary  digestion  experiment  No.  192. . 

Metabolism  experiment  No.  37  

Metabolism  experiment  No.  38  

Metabolism  experiment  No.  39  

Series  14,  Feb.  22-Mar.  7, 1901: 

Preliminary  digestion  experiment  No.  195  . 

Metabolism  experiment  No.  40  

Metabolism  experiment  No.  41  

Metabolism  experiment  No.  42  

Series  15,  Mar.  25-Apr.  7, 1901 : 

Preliminary  digestion  experiment  No.  198. . 

Metabolism  experiment  No.  43  

Metabolism  experiment  No.  44  

Metabolism  experiment  No.  45  

Series  16,  Apr.  29-May  12, 1901: 

Preliminary  digestion  experiment  No.  202. . 

Metabolism  experiment  No.  46  

Metabolism  experiment  No.  47  

Metabolism  experiment  No.  48  
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Table  2. — Duration  and  character  of  metabolism  experiments  Nos.  35-55,  etc. — Continued. 


Dura- 
tion. 


Physical 
Character  of  diet.  >  condi- 
tion. 


Series  17,  Mar.  23-Apr.  2, 1902: 

Preliminary  digestion  experiment  No.  302. 

Metabolism  experiment  No.  49  

Metabolism  experiment  No.  50  

Metabolism  experiment  No.  51  

Series  18,  Apr.  17-May  1, 1902: 

Preliminary  digestion  experiment  No.  305. 

Metabolism  experiment  No.  52  

Metabolism  experiment  No.  53  

Metabolism  experiment  No.  54  

Metabolism  experiment  No.  55  


Days. 
4 
3 
1 


Carbohydrate   Work. 

 do  I  Do. 

Fata   Do.b 

Fasting   Rest. 


Fat  

 do  

Carbohydrate 

Fat  

 do  


Work. 
Do. 
Do. 
Do. 
Do.c 


a  Onlv  1|  meals. 


c  Extra  work,  16  hours. 


b  Only  5  hours. 

Daily  programmes  of  experiments. — A  uniform  programme  was  fol- 
lowed on  all  days  of  the  "rest"  experiments  and  a  similarly  fixed 
routine  on  each  day  of  the  "work"  experiments,  with  the  exceptions 
of  Nos.  50  and  55,  which  were  peculiar  in  their  character  and  will  be 
explained  in  detail  further  on.  The  following  is  the  daily  programme 
for  all  "rest"  experiments: 

Table  3. — Daily  programme  for  rest  experiments. 


6.50  a.m.. 

Take  pulse  and  temperature. 

|    3.00  p.m. 

Drink  150  grams  water. 

7.00  a.m.. 

Pass  urine,  weigh  self  in  under- 

6.00 p.m. 

Supper,  drink  150  grams  water. 

clothes,  weigh  absorbers. 

6.50»p.m. 

Take  pulse  and  temperature. 

7.45  a.m.. 

Breakfast,  drink  150  grams  water. 

7.00  p.m. 

Pass  urine. 

10.00  a.m.. 

Drink  150  grams  water. 

9.00  p.m. 

Drink  100  grams  water. 

12.50  p.m.. 

Take  pulse  and  temperature. 

10.20  p.m. 

Take  pulse  and  temperature. 

1.00  p.m.. 

Pass  urine. 

10.30  p.m. 

Drink  100  grams  water. 

1, 15  p.  m. . 

Dinner,  drink  200  grams  water. 

11.00  p.m. 

Pass  urine,  retire. 

The  above  programme  also  applies  to  the  ""fasting"  experiments 
Nos.  36,  39,  42,  and  51,  except  that  of  course  no  food  was  eaten. 

The  following  is  the  daily  programme  for  all  "work"  experiments, 
with  the  exceptions  noted  above: 

Table  4. — Daily  programme  for  work  experiments. 


6.50  a.  m.. 

Take  pulse  and  temperature. 

2.00  p.  m. 

Begin  work. 

7.00  a.  m.. 

Pass  urine,  weigh  self  in  under- 

3.00 p.  m. 

Weigh  absorbers. 

clothes,  collect  drip,  and  weigh 

4.00  p.  m. 

Stop  work,  drink  Avater. 

absorbers. 

4.15  p.  m. 

Begin  work. 

7.30  a.  m.. 

Breakfast,  drink  water. 

5.00  p.  m. 

Weigh  absorbers. 

8.15  a.  m. . 

Begin  work. 

6.15  p.  m. 

Stop  work,  change  underclothing. 

9.00  a.  m.. 

Weigh  absorbers. 

6.20  p.m. 

Supper,  drink  water. 

10.15  a.  m.. 

Stop  work,  drink  water. 

6.50  p.  m. 

Take  pulse  and  temperature. 

10.30  a.  m.. 

Begin  work. 

7.00  p.  m. 

Pass  urine,  weigh  self  in  under- 

11.00 a.  m.. 

Weigh  absorbers. 

clothes,  collect   drip,  and  weigh 

12.30  p.m.. 

Stop  work. 

absorbers. 

12.50  p.  m.. 

Take  pulse  and  temperature. 

9.00  p.  m. 

Drink  water,  weigh  absorbers. 

1.00  p.m.. 

Pass  urine,  collect  drip,  and  weigh 

10.00  p.m. 

Take  pulse  and  temperature. 

absorbers. 

11.00  p.  m. 

Arrange  bed,  weigh  absorbers,  pass 

1.25  p.  m.. 

Dinner,  drink  water. 

urine,  retire. 
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Detailed  statistics — Appendix  tables. — The  details  of  the  experi- 
ments here  reported,  which  are  desirable  for  reference  but  are  not  a 
necessary  part  of  the  narrative,  will  be  found  in  the  Appendix.  The 
results  of  the  analyses  of  food,  feces,  and  urine  for  all  the  experiments 
will  be  found  in  Appendix  Tables  109-116;  the  determinations  of  the 
income  and  outgo  of  carbon,  hydrogen  and  nitrogen  in  food,  feces, 
urine,  perspiration  and  respiration,  and  the  determinations  of  income 
and  outgo  of  energy  in  Tables  117-122;  and  the  measurements  of  heat 
and  external  muscular  work  in  Tables  123-126. 

A  description  of  experiments  Nos.  35-55,  with  a  summary  of  the 
results  obtained,  follows. 

METABOLISM   EXPERIMENTS  NOS.  35   AND   36— REST  EXPERI- 
MENTS WITH  ORDINARY  DIET  AND  WITH  FASTING. 

The  preliminary  digestion  experiment  began  with  breakfast,  Decem- 
ber 4,  1900,  and  continued  five  days,  the  subject  remaining  quiet  in 
the  laboratory  during  the  day.  As  this  was  the  first  experiment  of 
the  season,  and  also  the  first  ever  made  with  this  subject,  more  time 
than  usual  was  required  to  adjust  the  amounts  of  food  materials  to  his 
taste  and  bodily  demands;  hence  the  extra  length  of  the  preliminary 
period. 

The  subject  entered  the  respiration  chamber  on  the  afternoon  of 
December  8,  and  experiment, No.  35  began  at  7  a.  m.,  December  9, 
and  continued  until  7  a.  m.,  December  13.  The  main  object  of  the 
experiment  was  to  find  how  much  protein  and  energy  the  subject 
required  to  maintain  carbon  and  nitrogen  equilibrium  with  a  minimum 
amount  of  muscular  exercise.  The  data  obtained  during  the  prelim- 
inary digestion  experiment  showed  about  how  much  food  he  was 
inclined  to  take  when  at  rest  and  thus  gave  a  basis  for  determining 
the  exact  ration  for  the  metabolism  experiment  proper.  Fortunately 
the  amount  decided  upon  proved  to  be  just  about  sufficient  to  maintain 
the  desired  equilibrium. 

The  diet  consisted  of  ordinary  food  materials  and  furnished  97.7 
grams  of  protein  and  2,519  calories  of  energy,  about  one-half  of  the 
total  energy  being  supplied  by  carbolrvd rates. 

In  order  to  get  light,  if  possible,  upon  the  amount  of  energy  re- 
quired for  the  digestion  of  the  food,  the  supper  of  the  preliminary 
night  and  the  second  and  fourth  days  of  the  experiment  was  delayed 
until  10.45  p.  m. 

Experiment  No.  36,  which  began  at  7  a.  m.,  December  13,  and  lasted 
one  day,  was  a  fasting  experiment,  during  which  no  food  was  given 
to  the  subject,  but  he  was  allowed  all  the  water  he  desired.  He  did 
not  drink  more  than  the  ordinary  allowance,  nor  did  he  suffer  any 
inconvenience  whatever  from  his  fasting. 
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Statistics  of  food  cm  d  feces. — The  amounts  and  composition  of  the 
food  and  feces  of  experiment  No.  35  are  shown  in  detail  in  Tables  5 
and  6  herewith. 


Table  5. —  Weight,  composition,  and  heat  of  combustion  of  foods,  metabolism  experiment 

No.  35.' 


Lab- 
ora- 
tory 
No. 

Food  material. 

Weight 
perday. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

3241 
3242 
3244 
3245 
3246 

3247 

Beef  

Grams. 
100 
25 
850 
300 

50 
50 
20 

Grams. 
61.2 
2.6 
726.8 
123. 9 

4.1 

3.3 

Grams. 
35.1 
.5 
32.3 
22.2 

4.8 
2.8 

Grams. 
3.1 
21.1 
45.1 
12.0 

.  7 

3.6 

Grams. 

Grams. 
5.  62 
.08 
5. 10 
3. 90 

.84 
.50 

Grams. 
20.  05 
15.  77 
67.74 
82. 53 

20. 46 
21.12 
8.42 

Grams. 
2.90 
2.50 
9.  94 
12. 24 

2. 87 
3.07 
1.30 

Calories. 
227 
194 
768 
835 

204 
212 
79 

Butter  

Whole  milk  

Shredded-wheat 

biscuit  

Ginger  snaps  

Sugar  

39.9 
139.2 

39.7 
39.2 
20.0 

Total,!  day.. 

1,395 

921.9 

97.7 

85.6 

278.0 

16.04 

236. 09 

34. 82 

2,519 

Table  6. —  Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiment 

No.  35. 

Lab- 
ora- 
tory 
No. 

Weight. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

3249 

Total,  4  days  

Average,  1  day  

Grams. 
395.3 
98.8 

Gravis. 
310.7 
77.7 

Grams. 
30.7 
7.7 

Grams. 
16.2 
4.0 

Grams. 
25.3 
6.3 

Grams. 
4. 91 
1.23 

Grams. 
39.93 
9.98 

Grams. 
5. 69 
1.42 

Calories. 
440 
110 

Statistics  of  urine. — The  amount  and  composition  of  the  urine  of 
experiments  Nos.  35  and  36,  which  are  given  in  detail  in  Tables  113 
and  114  of  the  Appendix,  are  summarized  in  Table  7  herewith. 


Table  7. — Amount  and  composition  of  urine,  metabolism  experiments  Nos.  35  and  36. 


Ex- 
peri- 
ment 

No. 

Date. 

Amount. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 

Water. 

Heat  of 
combus- 
tion. 

35 
36 

1900. 

Dec.  9-10  

10-  11  

11-  12  

12-  13  

Total,  4  days  

Dec.  13-14  

Grams. 
1, 513.  4 
1, 239. 7 
1,501.5 
1,428.8 

Grams. 
17.18 
15.61 
15.38 
15.22 

Grams. 
12. 78 
11.62 
11.44 
11.33 

Grams. 
3.23 
2.94 
2.  90 
2. 86 

Grams. 
1,451.7 
1,184.3 
1, 445.  7 
1,373.8 

Calories. 
142 
133 
132 
133 

5, 683. 4 

63.39 

47.17 

11.93 

5, 455. 5 

540 

1,400.0 

11.49 

8. 55 

2. 16 

1,  357. 1 

95 

Carbon  dioxid  and  water  in  ventilating  air  current. — The  methods 
employed  for  the  determinations  of  carbon  dioxid  and  water  in  the 


48 


incoming  and  outgoing  air  current  have  been  described  in  previous 
reports  a  and  on  pages  26  and  29.  The  detailed  results  for  experiments 
Nos.  35  and  36  are  given  in  Appendix,  Tables  117-121,  and  summarized 
in  Table  No.  8  which  follows. 


Table  8. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 
experiments  Nos.  35  and  36. 


Carbon  dioxid. 

Total 
carbon 

in 
respira- 
tory 
prod- 
ucts, 
exTV 

Water. 

Ex- 
peri- 
ment 

No. 

Date. 

(a) 

Volume 
of  air. 

(&) 

In  in- 
coming 
air. 

(c) 

In  out- 
going 
air. 

(d) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(«) 

Amount 
exhaled 
by  sub- 
ject, 
c+d—b. 

(9) 

In  in- 
coming 
air. 

(h) 

In  out- 
going 
air. 

(i) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(k) 
Total 
waterof 
respira- 
tion 
and 
perspi- 
ration, 
h+i—g. 

1900. 

Liters. 

Gram*. 

Grains. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

35 

Dee.  9-10 

117, 375 

66.5 

879.  7 

-2.1 

811.1 

221. 2 

85.2 

1,042.1 

-2.6 

954.3 

10-11 

117,375 

67.9 

874.4 

+  1.2 

807.7 

220. 3 

80.4 

951. 2 

-1.0 

869.8 

11-12 

116, 598 

67.6 

887.0 

+1.8 

821.2 

224. 0 

79.6 

939.7 

+2.8 

862.9 

12-13 

114, 267 

67.7 

875.6 

+  .4 

808.3 

220.  5 

80.2 

918.7 

-1.5 

837.0 

Total,  4 
days.. 

465, 615 

269.7 

3, 516. 7 

+  1.3 

3, 248. 3 

886.0 

325. 4 

3, 851.  7 

-2.3 

3, 524. 0 

36 

Dec.  13-14 

116, 140 

65.9 

772.7 

+4.3 

711.1 

193.9 

81.0 

850.  2 

-1.1 

768.1 

Heat  given  off  from  the  body. — In  experiment  No,  35  the  amount  of 
food  was  not  quite  sufficient  to  meet  the  demands  of  the  body,  so  that 
there  was  a  slight  loss  of  body  material,  and  in  experiment  No.  36  there 
was  no  food,  and  the  body  necessarily  drew  upon  its  previously  stored 
material.  In  these  experiments  there  was  no  appreciable  amount  of 
external  muscular  work.  All  of  the  energy  which  resulted  from  the 
transformation  of  the  food  and  body  material  in  these  experiments  left 
the  bod}^  as  heat,  since  none  was  stored  as  latent  energy  of  reserve 
material.  This  heat  was  carried  away  mainly  in  the  current  of  water 
which  passed  through  the  heat  absorbers,  but  part  was  rendered  latent 
by  the  evaporation  of  the  water  of  respiration  and  perspiration  and  was 
carried  away  with  vapor  in  the  outgoing  air  current.  The  statistics 
involved  in  the  measurements  of  the  heat  which  thus  left  the  body  are 
given  in  Tables  118  and  119  of  the  Appendix  and  summarized  in  Table 
9  herewith. 
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Table  9. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  35 

and  36. 


Ex- 
peri- 
ment 

No. 

.  "  Date. 

(a) 

Heat  car- 
ried away 
by  water 
current. 

(b) 

Correction 
for  tempera- 
ture of  food 
and  dishes 
and  changes 
in  tempera- 
ture of  cal- 
orimeter. 

(c) 

Heat  ren- 
dered la- 
tent in 
evaporiza- 
tion  of 
water. 

id) 

Total  heat 
deter- 
mined, 
a+b+c. 

35 
36 

1900. 

Dec.  9-10  

10- 11  

11-  12  

12-  13   

Total,  4  days  

Calories. 
1,857.6 
1,852.7 
1, 878. 6 
1, 868. 9 

Calories. 
-  8.7 
+18.6 
+23.4 
+10.5 

Calories. 
565. 0 
515. 0 
510.9 
495. 4 

Calories. 
2,413.9 
2, 386. 3 
2,412.9 
2,374.8 

7,457.8 

+43.8 

2, 086. 3 

9, 587. 9 

1,  780. 1 

+17.9 

454.8 

2,  252. 8 

Balance  of  income  and  outgo  of  matter  and  energy. — From  the 
details  in  Tables  122-126  of  the  Appendix,  and  the  data  included  in 
the  tables  given  above,  the  income  and  outgo  of  nitrogen,  carbon, 
hydrogen,  and  energy  are  computed,  as  shown  in  Tables  10-13  below, 
the  methods  of  computation  being  indicated  by  letters  and  formulas 
in  the  column  headings.  Thus,  for  instance,  in  Table  10  the  nitrogen 
in  food  is  given  in  the  column  lettered  (a),  that  in  feces  in  column  (h), 
etc.  The  formula  a  —  (h-\-c),  given  in  the  heading  to  column  (d), 
indicates  that  the  values  in  that  column  are  found  by  subtracting  from 
those  in  column  (a)  the  sum  of  those  in  columns  (h)  and  (c).  Nitrogen 
gained  or  lost,  column  (V7),  is  used  in  the  computations  in  Table  12. 
In  the  latter  table  the  protein  gained  or  lost,  column  (£),  is  computed 
from  the  nitrogen  in  column  (a),  which  is  the  same  as  column  (d), 
Table  10.  by  multiplying  by  the  usual  factor  6.25,  assuming  that 
protein  is  16  per  cent  nitrogen.  The  carbon  in  the  protein  gained  or 
lost,  column  (d).  is  the  product  of  the  values  in  column  (b)  and  the 
factor  0.53,  on  the  assumption  that  protein  is  53  per  cent  carbon. 
Total  carbon  gained  or  lost,  column  (<?),  Table  12,  is  found  from  Table 
10;  the  difference  between  the  values  in  columns  (c)  and  (d)  is  the 
carbon  in  fat  gained  or  lost,  column  (e),  and  these  values  divided  by 
0.7608  give  the  fat  gained  or  lost,  column  (f),  on  the  assumption  that 
fat  is  76.08  per  cent  carbon. 

6000— Xo.  136—03  1 
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Table  10. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Nos.  35 

and  36. 


Date. 

Nitrogen. 

Carbon. 

(a) 
In  food. 

(b) 

In 

feces. 

(c) 

In 
urine. 

(d) 
Gain  (+) 

or  loss 
(-),«- 

(b+c). 

(e) 

III  f  < )(  ><1 

(/) 

In 

feces. 

(9) 

In 
urine. 

(h) 
In  respir- 

products. 

('*') 

Gain  (  +  ) 

or  loss 
(-),*-(/ 

+g+h). 

1900. ' 
Experiment  No.  35. 
Dec.  9-10  

Grams. 
16.0 
16.1 
16.0 
16.1 

64.2 

16.0 

Grams. 
1.2 
1.2 
1.2 
1.3 

4.9 

Grains. 
17.2 
15.6 
15.4 
15.2 

Grams. 

-  2.4 

-  .6 

-  .4 

Grams. 
236.1 
236.1 
236.1 
236.1 

Grams. 
9.9 
10.0 
10.0 
10.0 

Grams. 
12.8 
11.6 
11.5 
11.3 

Grams. 
221.  2 
220.3 
224. 0 
220.  5 

Grams. 

-  7.8 

-  5.8 

-  9.4 

-  5.7 

10-11  

12-13  

Total,  4  davs 

Average,  1  day.. 
Experiment  No.  36. 
Dec.  13-14  

63.4 

-  4.1 

944.4 

39.9 

47.2 

886.0 

-  28.7 

1.2 

15.8 

-  1.0 

236.1 

10.0 

11.8 

221.5 

-  7.2 

11.5 

-11.5 

8.6 

193.9 

-202. 5 

Table  11. — Income  and  outgo  of  water  and  hydrogen,  metabolism  experiments  Nos.  35 

and  36. 


Water. 


Date. 

(a) 
In  food. 

(.&) 
In  drink. 

(c) 
In  feces. 

(d) 
In  urine. 

(e) 
In  respir- 
atory 
products. 

(/) 
Apparent 
loss, 
a+b- 
(c+d+e). 

1900. 

Experiment  No.  35. 
Dec.  9-10  

10-  11  

11-  12  

12-  13  

Total,  4  davs  

Average,  1  day   

Experiment  No.  36. 
Dec.  13-14  

Grams. 
921.  9 
921.  9 
921.9 
921.  9 

Grams. 
1,000 
1,000 
1,000 
1,000 

Grams. 
77.6 
77.7 
77.7 
77.7 

Grams. 
1, 451.  7 
1,184.3 
1,445.7 
1,373.8 

Grams. 
954. 3 
869.8 
862.9 
837.0 

Grams. 

-  561. 7 

-  209. 9 

-  464.4 

-  366. 6 

3, 687.  6 

4,000 

310.7 

5,455.5 

3,524.0 

-1,  602.  6 

921.9 

1,000 

77.7 

1, 363. 9 

881.0 

-  400.7 

1,000 

1,357.1 

768.1 

—1, 125. 2 

Date. 

Hydrogen. 

m 

In  food. 

.  (h) 
In  feces. 

w 

In  urine. 

(*) 

Apparent 
gain, 

g-(h+i). 

(I) 

Loss 
from 
water, 
/+*. 

(m) 
Total 
gain  (  +  ) 
or 

loss  (  — ), 
k+l. 

1900. 

Experiment  No.  35. 
Dec.  9-10  

10-  11  

11-  12  

12-  13  

Total,  4  days  

Average,  1  day  

Experiment  No.  36. 
Dec.  13-14  

Grams. 
34.9 
34.8 
34.8 
34.8 

Grains. 
1.5 
1.4 
1.4 
1.4 

Grams. 
3.2 
2.9 
2.9 
2.9 

Grams. 
+  30.2 
+  30.5 
+  30.5 
+  30.5 

Grams. 

-  62.4 

-  23.3 

-  51.6 

-  40.7 

Grams. 

-  32.2 
+  7.2 

-  21.1 

-  10.2 

139. 3 

5.7 

11.9 

+121.7 

-178. 0 

-  56.3 

34.8 

1.4 

3.0 

+  30.4 

-  44.5 

-  14.1 

2.2 

—    2. 2 

-125.0 

-127. 2 
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Table  12. — Gain  or  loss  of  protein  (NX6.25),  fat,  and  water,  metabolism  experiments 

Nos.  35  and  36. 


Date. 

(a) 

Nitrogen 
gained 
(  +  )or 

lost  (-). 

(») 

Protein 
gained 
(  +  )or 
lost  (-), 
ax  6.25. 

(c) 

Total 
carbon 
gained 
(  +  )or 
lost  (-). 

{d) 

Carbon  m 
protein 
gained 
(  +  )or 

lost  (-), 
5x0.53. 

(e) 
Carbon  in 
fat,  etc., 
gained 
(  +  )or 
lost  (-), 
c—d. 

(/) 

Fat 
gained 
(  +  )  or 
lost  (-), 
e-nO.7608. 

1900. 

Experiment  No.  85. 
Dec.  9-10  

10-  11  

11-  12  

12-  13  

Average,  1  day  

Experiment  No.  86. 
Dec.  13-14  

Grams. 

—  2.4 

—  .7 

-  .6 

-  .4 

Grams. 
-15.0 

-  4.4 

-  3.7 

-  2.5 

■Grams. 

-  7.8 

-  5.8 

-  9.4 

-  5.7 

Grams. 

-  8.0 

-  2.3 

-  2.0 

-  1.3 

Gra7ns. 
+  0.2 

-  3.5 

-  7.4 

-  4.4 

Grams. 
+  0.3 

-  4.6 

-  9.7 

-  5.8 

-  4.1 

-25.6 

-  28.7 

-13. 6 

-  15.1 

-  19.8 

-  1.0 

-  6.4 

-  7.2 

-  3.4 

-  3.8 

-  5.0 

-11.5 

-71.9 

-202.  5 

-38.1 

-164. 4 

-216. 1 

Date. 

iff) 

Total 
hydrogen 
gained  ( + ) 
or  lost ( — ) . 

(h) 

Hydrogen 
in  protein 
gained  ( + ) 
or  lost  ( — ) , 
6x0.07. 

(i) 

Hydrogen 

in  fat 
gained  (+) 
or  lost  (  — ), 
/X0.118. 

(*) 
Hydrogen 
in  water, 

etc., 
gained  (  +  ) 
or  lost  (— ), 
g-(h+i). 

(9 

Water 
gained  (+) 
or  lost  (  — ), 

A;X9. 

1900. 

Experiment  No.  35. 
Dec.  9-10  

10-  11  

11-  12  

12-  13  

Total,  4  days  

Experiment  No.  36. 
Dec.  13-14  

Grams. 

-  32.2 
+  7.2 

-  21.1 

-  10.2 

Grams. 
-1.0 

-  .3 

-  .3 

-  .2 

Grams. 
0.0 

-  .5 

-  1.1 

-  .7 

Grams. 
-31.2 
+  8.0 
-19.7 
-  9.3 

Grams. 
-280. 8 
+  72.0 
-177.3 
-  83.7 

-  56.3 

-1.8 

-  2.3 

-52.2 

-469. 8 

-  14.1 

-  .4 

-  .6 

-13.1 

-117. 5 

-127. 2 

-5.0 

-25.5 

-97.2 

-874.8 

Table  13. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  35  and  36. 


Date. 

(a) 

Heat  of 
combus- 
tion 
of  food 
eaten. 

(6) 

Heat  of 
combus- 
tion of 
feces. 

(c) 

Heat  of 
combus- 
tion of 
urine. 

(d) 
Estima- 
ted heat 
of  com- 
bustion 
of  pro- 
tein, 
gained 
(  +  )or 
lost  (-). 

(e) 

Estima- 
ted heat 
of  com- 
bustion 
of  fat, 
gained 
(  +  )or 
lost  (-). 

(/) 
Estima- 
ted en- 
ergy of 
material 
oxidiz- 
ed in  the 

body, 
a—  (b+c 
+d+e). 

Heat 
deter- 
mined. 

(ft) 
Heat 
deter- 
mined, 
greater 
(  +  )  or 
less  (  — ) 
than  es- 
timated, 

g-f. 

0) 
Heat 
deter- 
mined, 
greater 
(  +  )  or 
less  (  — ) 
than  es- 
timated, 
h+f. 

1900. 

Experiment  No.  35. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Per  cent. 

Dec.  9-10  

2, 519 

110 

142 

-  85 

+  3 

2, 349 

2, 414 

+  65 

+2.8 

10-11  

2,519 

110 

133 

-  25 

-  44 

2,345 

2,386 

+  41 

+1.7 

11-12  

2,519 

110 

132 

••-  21 

2,391 

2, 413 

+  22 

+  .9 

12-13  

2, 519 

110 

133 

-  14 

-  55 

2,345 

2,375 

4-  30 

+1.3 

Total,  4  days. 

10, 076 

440 

540 

-145 

-  189 

9,430 

9,588 

+158 

Average,  1 
day  

2,519 

110 

135 

-  36 

-  47 

2,357 

2,397 

+  40 

+1.7 

Experiment  No.  36. 

Dec.  13-14  

95 

-406 

-2, 062 

2,373 

2,253 

-120 

-5.1 
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METABOLISM  EXPERIMENTS  NOS.  37-39. 

The  purpose  of  this  series  was  to  obtain  data  regarding  the  relative 
fuel  values  or  replacing  powers  of  sugar  and  fat  as  parts  of  a  ration 
for  muscular  work.  The  series  included  three  individual  experiments, 
Nos.  37,  38,  and  39.  In  the  first  two,  which  were  of  four  days  each, 
the  subject  had  food  and  worked  on  the  bicycle  ergometer,  while  in 
the  third,  which  continued  only  one  day,  he  fasted  and  did  no  work. 
In  experiment  No.  37  carbohydrates  and  in  experiment  No.  38  fats 
predominated  in  the  diet.  The  series  as  usual  was  preceded  by  a 
preliminary  digestion  experiment  of  four  days  in  which  the  diet  was 
similar  to  that  in  experiment  No.  37. 

At  4. 30  p.  m.  on  the  fourth  day  of  the  preliminary  digestion  experi- 
ment the  subject  went  into  the  respiration  chamber  of  the  calorimeter 
for  the  preliminary  night,  and  experiment  No.  37  began  at  7  a.  m.  on 
the  following  day. 

The  diet  in  experiments  Nos.  37  and  38  included  a  basal  ration,  which 
was  the  same  for  both,  and  a  supplementary  ration,  that  for  No.  37  sup- 
plying carbohydrates,  mostly  in  the  form  of  cane  sugar  or  milk  sugar, 
and  that  for  No.  38,  fats,  mostly  in  the  form  of  milk  fat,  i.  e.,  butter. 
The  results  show  that  the  diets  in  both  these  experiments  were  insuffi- 
cient to  meet  the  demands  of  the  body  with  the  amount  of  muscular 
work  which  was  done. 

The  work  done  in  experiments  Nos.  37  and  38  consisted  in  pedaling 
the  bicycle  ergometer  described  on  page  30  for  eight  hours  per  day. 
The  subject  was  an  expert  bicyclist  and  was  thus  able  to  perform  a 
fairly  large  amount  of  work.  During  the  four  days  of  the  preliminary 
digestion  experiment  he  took  nearly  the  same  amount  of  exercise, 
using,  however,  a  stationary  bicycle,  a  so-called  " home-trainer." 

In  the  experiments  previously  described  each  day  was  divided  into 
four  periods  of  six  hours  each.  In  view  of  the  results  thus  obtained 
it  seemed  desirable  to  divide  the  day  into  two-hour  periods,  as  regards 
determinations  of  carbon  dioxid,  water  of  respiration  and  perspiration, 
and  heat  given  off  from  the  body. 

During  the  working  hours  the  amount  of  water  vapor  given  off  by 
respiration  and  perspiration  was  considerable  and  more  or  less  mois- 
ture condensed  upon  the  absorbers.  These  were  accordingly  weighed 
every  two  hours  from  7  a.  m.  to  11  p.  m.;  at  night  no  appreciable 
amount  of  water  was  condensed  upon  them  and  the  weighing  when  the 
subject  was  asleep  was  not  necessary. 

Inasmuch  as  more  or  less  nitrogenous  matter  is  given  off  in  the 
perspiration,  steps  were  taken  to  determine  approximately  the  amounts 
of  nitrogen  thus  excreted.  The  method  was  essentially  the  same  as 
previously  described/'    Just  before  entering  the  chamber  the  subject 
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took  a  bath  in  ordinary  water  and  then  washed  himself  carefully  with 
distilled  water.  He  was  provided  with  several  suits  of  underclothing 
(undershirts  and  drawers)  of  rather  thin  cotton,  each  of  which  had 
been  washed  in  ordinary  water,  rinsed  in  distilled  water,  and  dried. 
AYhen  needed,  a  suit  was  weighed  and  passed  into  the  chamber  through 
the  food  aperture.  It  was  worn  through  the  working  period  of  the 
day  and  then  was  taken  off,  placed  in  a  cylindrical  holder  of  metal 
with  a  tight  cover,  passed  out  and  weighed  again.  The  increase  in 
weight  with  correction  for  urea,  etc. ,  in  solution  was  taken  as  water 
of  perspiration  and  an  allowance  was  made  for  it  in  calculating  the 
total  amount  of  water  given  off  from  the  body.  To  determine  the 
amounts  of  nitrogen  in  the  perspiration,  the  suit  was  washed  and 
rinsed  in  distilled  water,  all  of  which  was  evaporated  to  small  volume 
and  the  nitrogen  in  it  determined  by  the  Kjeldahl  method.  The  quan- 
tities of  nitrogen  thus  found  were  small,  as  shown  by  the  figures  in 
Table  78  beyond. 

The  subject  was  in  an  excellent  physical  condition  during  the  entire 
experiment  and  slept  soundly  every  night. 

Experiment  No.  39  began  at  7  a.  m.  on  January  19  and  lasted  one 
day.  The  subject  received  no  food,  and  no  drink  except  water,  and 
remained  as  quiet  as  was  convenient.  He  suffered  no  special  incon- 
venience, though  he  was  not  quite  as  comfortable  as  in  the  previous 
fasting  experiment,  Xo.  36. 

The  urine  for  the  day  of  fasting  was  collected  according  to  the 
general  usage  in  these  experiments,  i.  e..  that  passed  at  7  in  the  morn- 
ing was  included  with  that  of  the  previous  day;  that  passed  during 
the  fasting  day  and  up  to  and  including  that  passed  at  7  a.  m.  the  fol- 
lowing day  was  taken  as  belonging  to  the  fasting  period. 

The  feces  corresponding  to  the  last  meal  of  the  previous  experiment 
were  passed  the  second  morning  after  this  meal.  In  the  computations 
of  the  results  of  this  experiment  no  allowance  is  made  for  the  nitro- 
gen or  energy  of  the  digestive  juices  poured  into  the  intestine  after 
the  passage  of  the  feces  belonging  to  the  previous  experiment.  The 
amount  of  the  error  thus  introduced  we  have  found,  in  the  previous 
experiments,  to  be  so  small  as  to  be  entirely  negligible. 

Detailed  statistics  of  income  and  outgo. — Tables  11^18  give  the 
details  of  income  and  outgo  of  matter  and  energy  in  this  series  of 
experimtnts. 

The  amounts,  composition,  and  heats  of  combustion  of  food  and 
feces  in  experiments  Nos.  37  and  38  are  given  in  Tables  14  and  15 
herewith. 
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Table  14. —  Weight,  composition,  and  heat  of  combustion  of  foods,  metabolism  experiments 

Nos.  37  and  38. 


Food  material. 

W  eight 
per  day. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 

hy- 
drates. 

JN  ltro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Basal  ration. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

Bread   

250 

106.8 

18.0 

5.8 

117.2 

3. 15 

66.30 

9.58 

668 

50 

3. 3 

2.  8 

3. 6 

39. 2 

.  50 

21. 11 

3. 07 

212 

Shredded  wheat.. 

50 

4.1 

4.8 

.  7 

39.7 

.84 

20. 47 

2.87 

204 

Sugar  

20 

20.  0 

8.42 

1.30 

79 

Butter 

20 

2.  4 

.3 

16.  9 

.06 

12. 52 

1.99 

154 

Total  

390 

116.6 

25.9 

27.0 

216.1 

4.55 

128. 82 

18.81 

1,317 

Supplementa  I  rat  ion . 

EXPERIMENT  NO.  37. 

rseei  

85 

52. 1 

29  0 

2. 4 

4. 64 

16  96 

2. 46 

191 

 do  

25 

15.8 

8.2 

.  7 

1.32 

4. 81 

.71 

53 

Whole  milk  

500 

424. 0 

17.5 

27.5 

27.5 

2.80 

42.  65 

6.15 

472 

Bread   

200 

85.4 

14.4 

4.6 

93.8 

2.52 

53. 04 

7.66 

534 

Graham  crackers. 

50 

4.  0 

^  i 

38  6 

70 

22. 96 

Q  AC 

232 

Ginger  snaps  

25 

1.8 

1.4 

1.8 

19.6 

.25 

10. 56 

1.53 

106 

Cane  sugar 

120 

120.0 

50.  52 

7.78 

475 

Milk  sugar  

90 

4.6 

85.  4 

36.00 

5. 54 

335 

Total  

1,095 

585.4 

74.5 

42. 1 

384.9 

— 

12.23 

237. 50 

35. 23 

2,398 

- 

Total,  1  day. 

1,485 

702. 0 

100.4 

69.1 

601.0 

16. 78 

366. 32 

54.04 

3,715 

EXPERIMENT  NO.  38. 

Beef 

25 

15. 3 

8. 5 

1. 37 

4. 99 

.  72 

56 

 do  

25 

15.8 

8.2 

.7 

1.32 

4. 81 

.71 

53 

Deviled  ham  

75 

28.9 

11.6 

31.0 

1.85 

29. 41 

4.61 

356 

Whole  milk  

1,350 

1,146.2 

47.2 

67.5 

79.6 

7.56 

110. 70 

16. 60 

1,231 

Butter  

90 

11.0 

1.2 

75.9 

.27 

56. 32 

8.94 

695 

Total  

1,565 

1, 217. 2 

76.7 

175.8 

79.6 

12.  37 

206.  23 

31.58 

2, 391 

Total,  1  day. 

1,955 

1,333.8 

102. 6 

202.8 

295. 7 

16. 92 

335. 05 

50. 39 

3,708 

Table  15. —  Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiments 

Nos.  37  and  38. 


Lab- 
ora- 
tory 
No. 

Weight. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Experiment  No.  37. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

3260 

Feces  for  4  days . . 

414.5 

317.1 

39.6 

15.8 

29.8 

6.33 

46.63 

6.55 

506 

Average,  1  day  . . . 

103.6 

79.3 

9.9 

3.9 

7.4 

1.58 

11.66 

1.64 

126 

Experiment  No.  38. 

8261 

Feces  for  4  days  . . 

471.9 

360.5 

30.3 

27.4 

30.7 

4.84 

53.89 

7.93 

612 

Average,  1  day  

118.0 

90.1 

7.6 

6.8 

7.7 

1.21 

13.47 

1.98 

153 

The  amounts  and  composition  of  the  urine  for  experiments  Nos. 
37-39,  which  aregiven  in  detail  in  Tables  113  and  114  of  the  Appen- 
dix, are  summarized  in  Table  16. 
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Table  16. — Amount  and  composition  of  urine,  metabolism  experiments  Nos.  37-39. 


Ex- 
peri- 
ment 

No. 

Date. 

Amount, 


Nitrogen. 

Carbon. 

Hydro- 
gen. 

Water. 

Heat  of 
combus- 
tion. 

37 

38 

39 
37-39 

1901. 

Jan.  11-12  

12-  13  

13-  14  

14-  15  

Total,  4  days  

Jan.  15-16  

16-  17  

17-  18  

18-  19  

Total,  4  days  

Jan.  19-20  :  

Total,  9  days  

Grams. 

1, 369. 5 
883. 0 
819.6 
910. 7 

Grams. 
15. 18 
14. 65 
17.07 
19. 40 

Grams. 
11.61 
11.21 
13. 06 
14.  84 

Grams. 
2.95 
2.85 
3. 31 
3. 77 

Grams. 

1,309.7 
828.8 
758. 1 
840.  9 

Calories. 
130 
104 
143 
154 

3  982. 8 

66. 30 

50. 72 

12. 88 

3  737. 5 

531 

954.  4 
1,036.3 
1, 020.  9 
1,021.6 

19. 52 
20. 27 
20.  34 
20.  96 

14. 93 
15.51 
15. 56 
16. 04 

3.  79 
3.93 
3.  95 
4. 07 

883.  9 
962.8 
947. 2 
945.9 

153 
157 
156 
155 

4, 033.  2 

81.09 

62. 04 

15. 74 

3,  739. 8 

621 

1,310.4 

15. 96 

12.21 

3. 10 

1, 248.  5 

131 

9, 326. 4 

163. 35 

124. 97 

31.  72 

8, 725.  8 

1,283 

The  amounts  of  carbon  dioxid  and  water  given  off'  in  respiration  and 
perspiration  are  shown  in  Table  17.  (See  Tables  117-121,  Appendix, 
for  details.) 


Table  17. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 
,  experiments  Nos.  37-39. 


Carbon  dioxid. 

(/) 

Water. 

(a)  . 

(*>) 

(C) 

(d) 

(e) 

re- 

(9) 

(h) 

(i) 

(*) 

Experiment  No. 

Date. 

Volume  of  air. 

In  incoming  air. 

In  outgoing  air. 

Correction  for 
amount  remain- 
ing in  chamber. 

Amount  exhaled 
by  subject,  c+d 
—b. 

o 

a  ft 

o 

&  b 

f-t  z*> 
to 

H  g«K 

EH 

In  incoming  air. 

In  outgoing  air. 

Correction  for 
amount  remain- 
ing in  chamber. 

Total  water  of  res- 
piration  and 
perspiration,  h+ 
i-g. 

1901. 

Liters. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

37 

Jan.  11-12.. 

117, 375 

69.2 

1, 679. 9 

0.0 

1,610.7 

439.3 

92.8 

1,315.0 

+1,289.5 

2, 511. 7 

12-13.. 

117, 375 

68.2 

1, 826. 1 

-1.4 

1,  756. 5 

479.0 

93.0 

1, 354. 5 

+1,762.8 

3,024.3 

13-14.. 

118, 152 

70.3 

1,778.0 

-1.7 

1,  706.  0 

465.2 

92.5 

1, 354. 1 

+1,581.4 

2,843.0 

14-15.. 

117, 375 

71.5 

1, 620. 1 

+1.1 

1, 549.  7 

422.7 

88.2 

1, 282.  7 

+1,116.2 

2,310.7 

Total. 

470, 277 

279.  2 

6, 904. 1 

-2.0 

6,  622.  9 

1,806.2 

366. 5 

5, 306. 3 

+5,749.9,10,689.7 

38 

Jan.  15-16.. 

117,375 

71.5 

1, 572.  7 

+  .6 

1,501.8 

409.5 

93.1 

1,293.4 

+1,106.3 

2, 306. 6 

16-17.. 

115, 044 

69.9 

1, 584. 1 

-1.1 

1, 513. 1 

412.  6 

96.0 

1,308.5 

+1,416.5 

2, 629. 0 

17-18.. 

118, 152 

68.0 

1,  523. 0 

+  .8 

1,  455.  8 

397.0 

94.0 

1, 336. 2 

+1, 277. 3 

2,519.5 

18-19.. 

119,707 

67.6 

1, 494.  6 

-2.3 

1,424.7 

388.5 

84.1 

1,  327.  9 

+  1,199.9 

2, 443. 7 

Total. 

470, 278 

277. 0 

6, 174. 4 

-2.0 

5, 895.4 

1,607.6 

367.2 

5, 266. 0 

+5,000.0 

9. 898. 8 

39 

Jan.  19-20.. 

117, 375 

67.9 

711.1 

+5.7 

648.9 

177.0 

74.9 

1, 080. 1 

-  182.9 

822. 3 

Table  18  summarizes  the  calorimetric  determinations  made  during 
these  experiments.    (See  Tables  123  and  124,  Appendix,  for  details.) 
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Table  18. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  31-89. 


Ex- 
peri- 
ment 
No. 


Date. 

(a) 

Heat  car- 
ried away 
by  water 
current. 

(&) 

Correction 
for  tempera- 
ture of  food 

and  dishes 
and  changes 
in  tempera- 
ture of  calo- 
rimeter. 

(c) 

Heat  ren- 
dered la- 
tent by  va- 
porization 
of  water. 

(d) 

Total  heat 
deter- 
mined, 
a+b  +  c. 

(e) 

Heat 
equivalent 
of  external 
muscular 
work. 

1901. 

Jan.  11-12  

Calories. 
3, 858. 6 
4, 282. 4 
4, 162. 1 
3,711.7 

Calories. 
+  40.5 
+  6.1 
+  29.8 
+  38.6 

Calories. 
728. 0 
746.6 
745.  0 
707.  2 

Calorics. 
4, 627. 1 
5, 035. 1 
4, 936.  9 
4,  457. 5 

Calories. 
487.8 
527. 3 
527.2 
480.9 

12-  13  

13- 14  

14- 15  

Total,  4  davs  

Jan.  15-16  

16- 17.  

17-  18  

18-  19  

Total,  4  days....  

Jan.  19-20  

16, 014. 8 

+115.0 

2, 926. 8 

19,056.6 

2, 023. 2 

3,779.4 
3, 866. 4 
3,  674. 3 
3, 588. 5 

+  25.3 
+  22.8 
+  22.7 
+  27.7 

711.3 
718.2 
734.8 
735.  6 

4,516.0 
4,  607. 4 
4, 431. 8 
4,351.8 

491.3 
496.3 
494.8 
498.0 

14,908.6           +  98.5 

2,899.9 

17,907.0 

1, 980. 4 

1,395.1           +  39.2 

592.  7 

2, 027.  0 

Balance  of  income  and  outgo  of  matter  and  energy. — From  the  pre- 
ceding tables  the  income  and  outgo  of  nitrogen,  carbon,  hydrogen,  and 
energy  are  computed  and  the  results  summarized  in  Tables  19-22. 
Formulas  in  the  headings  of  the  columns  show  how  most  of  the  results 
were  derived.  (For  details  see  Tables  117-124  of  the  Appendix  and 
the  preceding  tables  of  experiments  Nos.  37-39.) 


Table  19. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Nos.  37-39. 


Nitrogen. 

Carbon 

(a) 

(6) 

(c) 

(d) 

(e) 

(/) 

(9) 

(h) 

(i) 

Date. 

Gain  ( + ) 

In 

Gain(  +  ) 

In 

In 

In 

or 

In 

In 

In 

respira- 

or loss 

food. 

feces. 

urine.* 

loss  (— ), 

food. 

feces. 

urine.* 

tory 

a-(b+c). 

products. 

(f+9+h). 

1901. 

Experiment  No.  37. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Jan.  11-12  

16.7 

1.5 

15.5 

-  0.3 

366.3 

11.7 

11.7 

439.3 

-  96.4 

12-13   

16.8 

1.6 

15.0 

+  .2 

366.4 

11.6 

11.4 

479.0 

-135.6 

13-14   

16.8 

1.6 

17.4 

-  2.2 

366.3 

11.7 

13.3 

465.2 

-123. 9 

14-15   

16.8 

1.6 

19.8 

-  4.6 

366.3 

11.6 

14.9 

422. 7 

-  82.9 

Total  

67.1 

6.3 

67.7 

-  6.9 

1,465.3 

46.6 

51.3 

1,806.2 

-438. 8 

Average,  1  day. 

16.8 

1.6 

16.9 

-  1.7 

-366. 3 

11.7 

l£T 

451. 5 

-109. 7 

Experiment  No.  33. 

Jan.  15-16  

17.0 

1.2 

19.7 

-  3.9 

335.0 

13.4 

15.1 

409.5 

-103.0 

16-17   

16.9 

1:2 

20.7 

-  5.0 

335.1 

13.5 

15.6 

412.  6 

-106.  6 

17-18   

16.9 

1.2 

20.6 

-  4.9 

335.0 

13. 5 

15.8 

497.0 

-  91.3 

18-19   

16.9 

1.2 

21.4 

-  5.7 

335.1 

13.5 

16.1 

388.5 

-  83.0 

Total  

67.7 

4.8 

82.4 

-19.5 

1,340.2 

53.9 

62.6 

1, 607. 6 

-383.9 

Average,  1  day  . 

16.9 

1.2 

20.6 

-  4.9 

335.1 

13.5 

15.6 

401.9 

-  96.0 

Experiment  No.  39. 

Jan.  19-20  

16.0 

-16.0 

12.2 

177.0 

-189.2 

*The  perspiration  for  the  eight  days  contained  2.7  grams  of  nitrogen,  which  is  assumed  to  be  in  the 
form  of  urea,  and  would  be  accompanied  by  0.6  gram  of  carbon.  Accordingly  these  amounts  of  nitro- 
gen and  carbon  are  distributed  over  the  eight  days  and  are  included  here. 


57 


Table  20. — Income  and  outgo  of  water  and  hydrogen,  metabolism  experiments  Xos.  37-39. 


Water. 


Date. 

(a) 
In  food. 

(6) 
In  drink. 

(c) 
In  feces. 

id) 
In  urine. 

T  • 

In  respir- 
atory 
products. 

(/) 
Apparent 
loss,  a+b— 
(c+d+e). 

1901. 

Experiment  No.  37. 

Jan.  11-12  

12- 13  

13- 14  

14- 15  

Grams. 
702.0 
702. 0 
702.0 
702.0 

Grams. 
1,900 
1,950 
2,100 
2,250 

Grams. 
79.2 
79.3 
79.3 
79.3 

GrTCLTfhS. 

1,309.7 
828.8 
758.1 
840.9 

2, 511. 7 
3,024.3 
2, 843. 0 
2, 310.  7 

GvCLTtlS, 

-1,298.6 
-1,280.4 

-  878.4 

-  278.9 

Total  

2, 808. 0 

8,200 

317.1 

3,  737.  5 

10,  689.  7 

-3,  736. 3 

Experiment  No.  38. 

Jan.  15-16  

16-  17 

17-  18 

18-  19  

Total  

Average  per  day  

Experiment  No.  39. 
Jan.  19-20  

702.0 

2, 050 

79.3 

934.4 

2, 672. 4 

-    934. 1 



1,333.8 
1,333.8 
1, 333. 8 
1, 333. 8 

1,500 
1,500 
1,500 
1,500 

90.2 
90.1 
90.1 
90.1 

883.9 
962.8 
947.2 
945.9 

2, 306.  6 
2,  629.  0 
2, 519. 5 
2,443.7 

-  446.9 

-  848.1 

-  723. 0 

-  645.9 

5,335.2 

6,000  360.5 

3,  739. 8 

9,898.8 

-2, 663. 9 

1, 333. 8 

1,500 

90.1 

935.  0 

2, 474.  7 

-  666.0 

1,950 

1,248.5 

822.3 

-  120.8 

Date. 

Hydrogen. 

(9) 
In  food. 

In  feces. 

(0 

In  urine. 

(*) 
Apparent 

gain, 
9-{h+i). 

(Q 

Loss  from 
water, 

(m) 
Total  gam 
(+)  or  loss 
(-),  k+l. 

1901. 

Experiment  No.  37. 

Jan.  11-12  

12- 13  

13- 14  

14- 15.....  

Total  

Experiment  No.  38. 

Jan.  15-16  

16-  17 

17-  18  

18-  19  

Total  

Average  per  dav  

Experiment  No.  39. 
Jan.  19-20  

Grams. 
54.0 
54.1 
54.0 
54.1 

Grams. 
1.6 
1.7 
1.6 
1.7 

Grams. 
3.0 
2.8 
3.3 
3.8 

Grams. 
49.4 
49.6 
49.1 
48.6 

Grams. 
-144.3 
-142.3 

-  97.6 

-  31.0 

Grams. 

-  94.9 

-  92.7 

-  48.5 
+  17.6 

216.2 

6.6 

12.9 

196.7 

-415. 2 

-218. 5 

54.0 

1.6 

3.2  49.2 

-103. 8 

-  54.6 

50.4 
50.4 
50.4 
50.4 

1.9 
2.0 
2.0 
2.0 

3.8 
3.9 
3.9 
4.1 

44.7 
44.5 
44.5 
44.3 

-  49.7 

-  94.2 

-  80.3 

-  71.8 

-  5.0 

-  49.7 

-  35.8 

-  27.5 

201.6 

7.9 

15.7 

178.0 

-296. 0 

-118.0 

50.4 

2.0 

3.9 

44.5 

-  74.0 

-  29.5 

3.1 

-3.1 

-  13.4 

-  16.5 
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Table  21. — Gain  or  loss  of  protein  (NX6.25),  fat,  and  water,  metabolism  experiments 

Nos.  S7-39. 


Date. 


1901. 

Experiment  No.  87 


Jan.  11-12. 

12-  13. 

13-  14. 

14-  15. 


Total  

Average  per  day  

Experiment  No.  88. 


Jan.  15-16. 

16- 17. 

17-  18. 

18-  19. 


Total  

Average  per  day  

Experiment  No.  39. 
Jan.  19-20  


(a) 

Nitrogen 
gained 
(  +  )  or 

lost  (-). 


Grams. 
-  0.3 


1.7 


3.9 
5.0 
4.9 
5.7 


19.5 


(b) 
Protein 
gained 
(  +  )  or 
lost  (-), 
ax  6.25. 


Grams. 

-  1.9 
+  1.3 

-  13.8 

-  28.7 


-  43.1 


10.8 


24.4 
31.3 
30.6 
35.6 


-121.9 


30.5 


(c) 
Total 
carbon 
gained 
(  +  )  or 
lost  (-). 


Grams. 
-  96.4 
-135.6 
-123. 9 
-  82.9 


43*.  S 


-109.  7 


-103. 0 
-106.  6 
91.3 
-  83.0 


3*3.9 


96.0 


(d) 

Carbon in 
protein 
gained 
(+)  or 

lost  (-), 
oxO.53. 


Grams. 

-  1.0 
+  .7 

-  7.3 
-15.3 


-22. 9 


5.7 


-12.9 
-16.6 
-16.2 
-18.9 


-64.6 


(e) 
Carbon  in 
fat,  etc., 
gained 
(  4-)  or 
lost(-). 
c-d. 


Grams. 

-  95.4 
-136.  3 
-116.6 

-  67.7 


416.0 


-104. 0 


90.1 
90.0 
75.1 
64.1 


if) 

Fat  gained 
( + )  or  lost 

(-), 
e  -r-0.7608. 


Grams. 
-125. 4 
-179.1 
-153. 3 
-  89.0 


-546.8 


-118.  4 
-118.3 

-  98.7 

-  84.3 


-319.: 


-419. 7 
-104.9 


-179.0 


Date. 

(9) 
Total  hy- 
drogen 
gained  (  +  ) 
or  lost  ( — ) . 

(h) 
Hydrogen 
in  protein 
gained  (  +  ) 
or  lost  (— ), 
6x0.07. 

(*) 

Hydrogen 

in  fat 
gained  (  +  ) 
or  lost  (  — ), 

/X0.118. 

(k) 

Hydrogen  in 
water,  etc., 
gained  (  +  ) 
or  lost  (  — ), 
g-(h+i). 

(0 
Water 
gained  (  +  ) 
or  lost  (  — ), 
kx9. 

1901. 

Experiment  No.  87. 
Jan.  11-12  

Grams. 

-  94.9 

-  92.7 

-  48.5 
+  17.6 

Grams. 
-0.1 
+  .1 
-1.0 
-2.0 

Grams. 
-14.8 
-21.1 
-18.1 
-10.5 

Grams. 

-  80.0 

-  71.7 

-  29.4 
+  30.1 

Grams. 

-  720. 0 

-  645. 3 

-  264.6 
+    270. 9 

12-13  ,  

13-14  

14-15  

Total  

-218.5  |  -3.0 

-64.5 

-151.0 

-1, 359. 0 

Average  per  day  

-  54.6 

-  -7 

-16.1 

-  37.8 

-  339.8 

Experiment  No.  88. 
Jan.  15-16  

-  5.0 

-  49.7 

-  35.8 

-  27.5 

-1.7 
-2.2 
-2.1 
-2.5 

-14.0 
-14.0 
-11.6 

-  9.9 

+  10.7 

-  33.5 

-  22.1 

-  15.1 

+  96.3 

-  301. 5 

-  198.9 

-  135.9 

16-17  

17-18  

18-19  

Total  

-118.0 

-8.5 

-49.  5 

-  60.0 

-    540. 0 

Average  per  day  

-  29.5 

-2.1 

-12.4 

-  15.0 

-    135. 0 

Experiment  No.  39. 
Jan.  19-20  

-  16.5 

-7.0 

-21.1 

+  11.6 

+    104. 4 
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Table  22. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  37-39. 


Date. 

(a) 

Heat  of 
combus- 
tion of 
food 
eaten. 

(6) 

Heat  of 
combus- 
tion of 
feces. 

(c) 

Heat  of 
combus- 
tion of 
urine. 

(d) 

Estima- 
ted heat 
of  com- 
bustion 
of  pro- 
tein 
gained 
(  +  )  or 
lost  (-). 

(c) 

Estima- 
ted heat 
of  com- 
bustion 
of  fat 
gained 
(  +  )  or 
lost  (-). 

(/) 
Estima- 
ted en- 
ergy of 
material 
oxidized 
in  the 
body, 
a—  {b+c 
+d+e). 

(9) 

Heat 
deter- 
mined. 

(h) 

Heat 
deter- 
mined 
greater 
(  +  )  or 
less  (— ) 
than  es- 
timated, 
f-9- 

(i) 
Heat 
deter- 
mined 
greater 
(+)  or 
less  (— ) 
than  es- 
timated, 
A-*-/. 

1901. 

Experiment  No.  37. 
Jan.  11-12  

Calories. 
3,  715 
3,  715 
3, 715 
3,715 

Calories. 

126 
127 
126 

Calories. 
130 
104 
143 
154 

Calories. 
  21 

+  7 
-  78 
-162 

Calories. 

 2  196 

-1,709 
-1,462 
-  849 

Calories. 

5, 187 
4,985 
4,446 

Calories. 

1,  OZ/ 

5, 035 
4,937 
4, 458 

Calories. 

—  OO 

-152 

-  48 
4-  12 

Per  cent. 

— u.  O 
-2.9 
-1.0 
+  .3 

12-13  

13-14 

14-15 

Total  

14,  860 

506 

531 

-244 

-5,216 

19,283 

19, 057 

-226 

Average,  1  day. 
Experiment  No.  38. 
Jan.  15-16  

3,  715 

126 

133 

—  61 

— 1, 304 

4 , 821 

4,  764 

—  57 

— 1.2 

6,  IVO 

3,708 
3, 708 
3,  708 

153 
153 
153 
153 

153 
157 
156 
155 

 238 

-177 
-173 
—201 

-1,130 
-1,128 

-  942 

-  804 

4,670 
4,703 
4,  514 
4,405 

4  516 
4, 607 
4,432 
4,352 

 254 

-  96 

-  82 

-  53 

—  O.  O 

-2.0 
-1.8 
—1. 2 

16-17  

17-18 

18-19 

Total  

14,  832 

612 

621 

-689 

-4,004 

18, 292 

17,  907 

-385 

Average,  1  day. 
Experiment  No.  39. 
Jan.  19-20  

3, 708 

153 

155 

-172 

-1,001  4,573 

4, 477 

-  96 

-2.1 

131 

-565 

-1,708 

2,142 

2, 027 

-115 

-5.4 

METABOLISM  EXPERIMENTS  NOS.  40-42. 

This  series  of  experiments  was  similar  to  the  previous  in  purpose 
and  plan.  That  is  to  say,  there  were  two  work  experiments  (Nos.  40 
and  41)  of  four  days  each,  in  which  a  diet  containing  an  excess  of  fat 
was  compared  with  one  supplying  an  excess  of  carbohydrates,  these 
periods  being  followed  by  a  fasting  experiment  of  one  day,  i.  e., 
experiment  No.  42. 

As  the  diet  in  the  preceding  series  proved  too  small  to  meet  the 
demands  of  the  body  when  the  subject  was  doing  an  amount  of  mus- 
cular work  which  he  felt  to  be  by  no  means  excessive,  it  was  increased 
in  experiments  Nos.  40  and  41  by  the  addition  of  sufficient  fats  and 
carbohydrates  to  make  the  energy  value  about  4,520  calories  per  day, 
the  quantity  of  protein  being  kept  nearly  the  same  as  in  the  previous 
series.  The  basal  ration  was  made  up  of  the  usual  materials  and  fur- 
nished 45.8  grams  of  protein  and  1,544  calories  of  energy.  The  sup- 
plemental ration  in  experiment  No.  40  consisted  of  sugar  and  starchy 
foods,  such  as  bread,  graham  crackers,  etc.,  furnishing  about  37.8 
grams  of  protein  and  2,564  calories  of  energy.  Some  extra  milk  was 
also  given,  making  the  total  protein  101.2  grams  and  the  total  energy 
4,523  calories.    The  supplemental  ration  in  experiment  No.  41  con- 


60 


sisted  of  additional  butter  and  milk  and  furnished  56.8  grams  of  pro- 
tein and  2,995  calories  of  energy,  making-  the  total  protein  102.6  grams 
and  the  total  energy  4,539  calories. 

In  experiment  No.  40  about  75  per  cent  of  the  entire  energy  was 
furnished  by  the  carbohydrates,  and  in  experiment  No.  41  about  60 
per  cent  by  the  fats.  Nevertheless,  in  both  cases  the  diet  was  entirely 
palatable  to  the  subject. 

The  amount  of  work  was  the  same  as  before,  namely,  eight  hours 
per  day  spent  in  pedaling  the  bicycle  ergometer.  The  preliminary 
digestion  experiment  began  with  breakfast  on  February  22,  1901,  and 
lasted  four  days,  being  divided  into  two  subperiods  of  two  days  each, 
one  for  testing  the  carbohydrate  diet  and  one  for  testing  the  fat  diet, 
to  determine  whether  the  subject  would  be  able  to  tolerate  food  sup- 
plying such  excessive  amounts  of  energy -yielding  constituents. 

It  was  intended  that  the  ration  with  a  large  amount  of  fat — experi- 
ment No.  41 — should  be  made  up  of  the  same  materials  as  in  experi- 
ment No.  38  of  the  previous  series,  but  during  the  preliminary 
digestion  experiments  the  subject  found  that  so  much  deviled  ham  as 
was  used  in  experiment  No.  38,  taken  in  connection  with  the  large 
amount  of  butter  needed  in  the  present  experiment,  was  extremely 
distasteful.  The  deviled  ham  was  therefore  omitted  after  the  first 
day  of  the  preliminary  period  and  enough  milk  added  to  supply  the 
nitrogen  lost  by  its  omission  and  enough  butter  to  supply  the  needed 
energy/' 

With  breakfast  on  February  24  the  diet  was  changed  to  that  which 
was  intended  for  metabolism  experiment  No.  40,  with  the  exception 
that  at  the  close  of  the  first  day  of  experiment  No.  40  the  diet  was 
again  slightly  altered  by  adding  30  grams  of  sugar  and  omitting  50 
grams  of  milk  from  the  basal  ration. 

At  4  o'clock  on  the  afternoon  of  February  25  the  subject  entered 
the  calorimeter,  and  the  regular  determinations  were  begun  at  7  p.  m., 
although,  as  before,  the  experiment  proper  did  not  begin  until  7  a.  m. 
on  the  following  morning.  The  separation  of  feces  was  made  by 
giving  charcoal  with  supper,  and  was  not  very  sharp.  However,  the 
separations  between  the  different  experiments  of  the  series  and  that  at 
the  end  of  the  series  were  very  sharp.  The  subject  was  very  com- 
fortable, indeed,  except  that  during  the  first  night  following  the  change 
of  ration  he  was  somewhat  restless. 

Experiment  No.  40  ended  at  7  a.  m.  on  March  2,  when  the  diet  was 
changed  to  the  one  furnishing  an  excess  of  fats,  and  experiment  No. 
41  began  and  continued  until  7  a.  m.  on  March  6. 

The  fasting  experiment,  No.  42,  which  began  at  7  a.  m.  on  March  6 
and  continued  one  day,  was  similar  to  experiments  Nos.  36  and  39. 

«For  details  of  this  preliminary  digestion  experiment,  see  Connecticut  (Storrs) 
Station  Rpt.  1901,  p.  216. 
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The  subject  experienced  no  great  discomfort,  and  was  in  excellent 
condition  on  leaving  the  calorimeter  at  7  a.  m.,  March  7. 

Detailed  statistics  of  income  and  outgo. — The  statistics  of  income 
and  outgo  of  matter  and  energy  are  given  in  Tables  23-27  below. 

The  amounts  and  composition  of  the  components  of  the  basal  ration 
are  shown  in  Table  23,  together  with  those  for  the  supplemental 
rations  used  for  the  two  experiments.  The  outgo  of  matter  and  energy 
in  the  feces  during  the  successive  experiments  of  the  series  is  shown 
in  Table  24. 

Table  23. —  Weight,  composition,  and  heat  of  combustion  of  foods,  metabolism  experiments 

Nos.  40  and  41. 


Food  material. 


I  WeiSht  \  Water, 
per  day. 


Pro- 
tein. 


Fat. 


Carbo- 
hy- 
drates. 


Nitro- 
gen. 


Car- 
bon. 


Hydro- 
gen. 


Heat  of 
combus- 
tion. 


Basal  ration. 

Beef  

Butter  

Bread  

Ginger  snaps  

Shredded  wheat. . 

Total  

Supplemental  ra-  I 
tion.  experiment 
Xo.  HO. 

FIRST  DAY. 

Beef  

Bread   

Ginger  snaps  

Shredded  wheat.. 

"Whole  milk  

Graham  crackers. 

Milk  sugar  

Cane  sugar  


Total  ration 
1st  day  

SECOND,  THIRD, 
AND  FOURTH 
DAYS. 


Beef  

Bread  

Graham  crackers. 

Ginger  snaps  

Shredded  wheat . . 

Whole  milk  

Milk  sugar  

Cane  sugar  


Total  ration 
2d  to  4th. 
days  


Supplemental  ra- 
tion, experiment 
No.  42. 

Whole  milk  

Butter  


Total  ration 
per  day... 


Grams.  Grams. 
35  j  21.6 
20  2.1 
350  |  152.3 
60  |  2.4 
40  i  2.5 


25 
200 
25 
40 
500 
100 
100 
195 


25 
200 
100 
25 
40 
450 
100 
225 


1,670 


1, 455 
211 


2, 171 


Grams. 


25.9 


Grams. 
1.0 
17.2 
4.2 
3.4 


Grams. 


164.2 
49.2 
32.2 


Grams. 
1.90 
.04 
4. 52 


Grams. 
6.88 
12.  74 
88.44 
25.74 
16.70 


Grams. 
0. 98 
2.05 
12.88 
3.98 
2.54 


505     180. 9 


245.  6 


15.5 
87.0 
1.0 

2.5 
425.5 
2.7 
5.1 


14.8 
1.5 
4.1 

19.5 


2.4 
1.4 


26.0 
10.9 


93.7 
20.5 
32.1 
25.5 
74.6 
94.9 
195.0 


1,  690     720. 2     103. 1 


781.9 


15.5 
87.0 
2.7 
1.0 
2.5 
382.5 
5.1 


8.5 
14.8 
8.9 
1.5 
4.1 
17.6 


.2  101.2 


2.4 
10.9 

1.4 
.6 
23.4 


93.8 
74.6 
20.5 
32.2 
23.0 
94.9 
225.0 


65.8 


1,241.2  53.8 
21.7  3.0 


1,443.8  102.6 


77.2  72. 
181.5   


285.1  |  318.4 


1.36 
2. 58 
.26 
.72 
3.00 
1.56 


150.  50 


4.92 
50.54 
10.  72 
16.69 
39.  70 
45. 37 
40. 00 
82. 10 


22.43 


1.66 
2.54 
5.90 
6.69 
6.15 
12.64 


Calories. 


158 


17. 29 


440.54 


1.36 
2.58 
1.56 
.26 
.72 
2.70 


4.92 
50.54 
45.  37 
10. 72 
16.70 
35.  73 
40.00 
94.  72 


6.69 
1.66 
2.54 
5. 31 
6.15 
14. 58 


16. 99 


449. 20     67. 42 


8. 59 


116. 69 
134. 43 


16.! 


401. 62 


18.04 
21.58 


62.05 


259 
164 


1,544 


55 
507 
108 
164 
462 
467 
372 
772 


55 
507 
467 
108 
164 
415 
372 


4,523 


4,  530 
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Table  24. —  Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiments 

Nos.  40  and  41- 


Lab- 
ora- 
tory 
No. 

Weight. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
a  hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Experiment  No.  iO. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

3307 

Total,  4  days  

618.1 

478.4 

53.5 

21.6 

48.2 

8.56 

^66. 56 

9.39 

728 

Average  per  day  . . 

154.5 

119.6 

13.4 

5.4 

12.0 

2.14 

16. 64 

2.35 

182 

Experiment  No.Ul. 

3308 

Total,  4  days  

686.9 

538. 6 

36.4 

45.3 

40.5 

5. 83 

78. 23 

11.75 

925 

Average  per  day.. 

171.7 

134.6 

9.1 

11.3 

10.1 

1.46 

19.56 

2. 94 

231 

The  amount  and  composition  of  urine  for  each  da^y  are  shown  in 
Table  25.  These  determinations,  together  with  those  of  heats  of 
combustion,  were  made  in  accordance  with  the  plan  outlined  on  page 
42.    (For  details  see  Appendix,  Tables  113  and  111.) 


Table  25. — Amount  and  composition  of  urine,  metabolism  experiments  Nos.  40-42. 


Ex- 
peri- 
ment 

No. 

Date. 

Amount. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 

Water. 

Heat  of 
combus- 
tion. 

40 

41 

42 
40-42 

1901. 

Feb.  26-27  

27- 28  

28-  Mar.  1  

Mar.  1-2  

Total,  4davs  

Mar.  2-3  

3-  1  

4-  5  

5-  6  

Total,  4  days  

Mar.  6-7  

Total,  9  days  

Grams. 
891.6 
768.8 
849.4 
819. 8 

Grams. 
15. 87 
16.11 
17.63 
17. 65 

Grams. 
11. 58 
11.75 
12.87 
12.88 

Grams. 
3. 12 
3.16 
3. 46 
3.47 

Grams. 
834.1 
711.4 
786.5 
757.0 

Calories. 
130 
135 
166 
142 

3, 329. 6 

67.26 

49.08 

13. 21 

3,089.0 

573 

1, 203. 6 
1,760.8 
1, 734. 3 
1, 555. 8 

20. 18 
20. 39 
19. 89 
19.63 

14.73 
14.88 
14.51 
14. 32 

3.96 
4.01 
3.91 
3. 86 

1, 129. 9 
1,  682. 4 
1, 657. 8 
1,481.4 

154 
155 
166 
156 

6, 254. 5 

80. 09 

58. 44 

15.  74 

5, 951. 5 

631 

1,  744. 7 

14.11 

10.  30 

2.77 

1, 686. 7 

108 

11, 328. 8 

161.46 

117. 82 

31.72  10,727.2 

1,312 
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The  determinations  of  carbon  dioxid  and  water  are  summarized  in 
Table  26,  which  follows.  The  details  will  be  found  in  Appendix, 
Tables  117-122. 

Table  26. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 

experiments  Nos.  40-42. 


Carbon  dioxid. 

(/) 

Water. 

Ex- 
peri- 

No. 

Date. 

(a) 

o 

= 
= 

o 
p> 

In  incoming  air.  'S 

(c) 

— ' 

'3 

be 

'o 

jg> 

o 
& 

Correction  for  ^ 
amounts  remain- 
ing  in  chamber.  ^ 

(e) 
>, 

fit  . 

<2>  1 

!+ 

X  « 
°  +f 
"tf  ° 

s  <y 

0  5 
<j 

Total  carbon  in  respira- 
tory products,  ex-fr- 

In  incoming  air.  S 

(h) 

'3 
bo 

a 
'o 
if 

(i) 

c.S  ,. 
_  ^  Z 
_  njz 
z  ~->  - 

T  =  : 

-  =ff 

*  5  a 

o 

^  :. 
"o-d  + 

0  3  "^i. 

1  sl 

1901. 

Liters. 

G-rams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

40 

Feb. 26-27.. 

119, 707 

66.4 

1, 970. 8 

+1.0 

1,  905. 4 

519.7 

81.5 

1, 312. 4 

+2, 047. 8 

3,  278. 7 

27-28.. 

118, 930 

64.7 

1,887.8 

-2.1 

1, 821. 0 

496.6 

83.2 

1,310.4 

+1,860.4 

3, 087. 6 

Feb.  28- 
Mar.  1  . . . 

117,375 

67.6 

1, 891. 5 

+1.4 

1, 825. 3 

497.8 

81.9 

1, 286. 3 

+1, 837.  7 

3, 042. 1 

Mar.  1-2 .. . 

116,  599 

66.3 

1,  914. 5 

-  .6 

1, 847. 6 

503.8 

90.3 

1,293.9 

+1,864.6 

3, 068. 2 

Total,  4 
days.. 

472, 611 

265. 0 

7,  664.  6 

-  .3 

7, 399.  3 

2, 017.  9 

336.9 

5, 203. 0 

+7, 610. 5 

12, 476. 6 

41 

Mar.  2-3... 

117, 375 

65.8 

1, 813. 3 

+  .3 

1,  747. 8 

476.6 

91.2 

1, 333. 9 

+1,991.1 

3, 233. 8 

3-4... 

116,598 

64.8 

1,  719. 0 

+2.1 

1,656.3 

451. 7 

85.8 

1,325.7 

+1,894.5 

3,134.4 

4-5... 

117,375 

67.8 

1,  727. 3 

-2.8 

1, 656.  7 

451. 8 

92.2 

1, 325. 7 

+2, 106. 8 

3, 340. 3 

5-6... 

115, 822 

66.8 

1, 781.  5 

-1.6 

1,713.1 

467. 2 

89.4 

1,341.8 

+2,224.0 

3,  476. 4 

Total,  4 
days . . 

467, 170 

265. 2 

7.041.1 

-2.0 

6,773.9 

1,847.3 

358.6 

5, 327. 1 

+8, 216.4 

13,184.9 

42 

Mar.  6-7... 

116. 598 

65.5 

685.4 

-  .2 

619.7 

169.0 

76.3 

1,055.6 

-    137. 6 

841.7 

Table  27  summarizes  the  calorimetric  determinations  for  this  series 
of  experiments.   The  details  are  given  in  Appendix,  Tables  123  and  124. 


Table  27. — Summary  of  calorimetric  measurements,  metabolism  experiments  JSTos.  40-42. 


Ex- 
peri- 
ment 

No. 

Date. 

(a) 

Heat  car- 
ried away 
by  water 
current. 

(6) 

Correction 
for  temper- 
ature of  food 

and  dishes 
and  changes 

in  temper- 
ature of 
calorimeter. 

(c) 

Heat  ren- 
dered la- 
tent by 
vaporiza- 
tion of 
water. 

id) 

Total 
heat  de- 
termined, 
a  +  b  +  c. 

(e) 

Heat 
equivalent 
of  external 
muscular 
work. 

40 
41 
42 

1901. 

Feb.  26-27  

27-28  

2S-Mar.  1  

Mar.  1-2  

Total,  4  days  

Mar.  2-3  

3-  4  

4-  5  

5-  6  •  

Total,  4  days  

Mar.  6-7  

Calories. 
4, 632. 8 
4, 362. 1 
4,420.5 
4,444.6 

Calories. 
+  50.3 
+  25.9 
+  36.6 
+  33.5 

Calories. 
733.9 
724.4 
714.0 
713.5 

Calories. 
5,417.0 
5,112.4 
5, 171. 1 
5, 191. 6 

Calaries. 
513.6 
510.1 
520.4 
527.2 

17, 860. 0 

+146. 3 

2, 885.  8 

20, 892. 1 

2, 071. 3 

4, 454.  6 
4, 355. 2 
4,456.4 
4,602.1 

+  41.8 
+  43.6 
+  35.0 
+  35.9 

736.9 
733.7 
730.1 
741.4 

5,233.3 
5,132.5 
5,221.5 
5,379.4 

527.2 
516. 0 
515.3 
528.0 

17,868.3 

+156.  3 

2,942.1 

20, 966. 7 

2, 086. 5 

1, 363. 6 

-1-8  4 

1 

1, 946. 1 
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Balance  of  income  and  outgo  of  matter  and  energy. — The  income 
and  outgo  of  nitrogen,  carbon,  hydrogen,  and  energy  are  shown  in 
Tables  28-31.  The  details  were  obtained  from  the  preceding  tables, 
and  letters  at  the  heads  of  the  columns  show  the  mathematical  pro- 
cesses by  which  the  results  were  calculated.  (See  also  Appendix, 
Tables  117-124.) 


Table  28. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Nos.  40-43. 


Nitrogen. 

Carbon. 

Date. 

(a) 

In 
food. 

(b) 

In 

feces. 

(c) 

In 

urine.* 

(d) 
Gain(+) 

or 
loss  (  — ), 
a-(b+c). 

(e) 

XII  LUUUi 

(/) 

In 

feces. 

(g) 

In 
nrine.f 

(h) 
In  respi- 

products. 

(i) 
Gain  (4- ) 
or  loss 

(f+9+h) . 

1901. 

Experiment  No.  U0. 

(t?  ams. 

I  t)'(1  11/  S. 

l_T  /  It  //to. 

G  Fd'THS 

Grcuus 

G  rci  do* 

Grams 

Gtcldis 

Feb.  26-27  

17.3 

2.1 

16.2 

-  1.0 

440. 5 

*  16.6 

11.7 

519.7 

-107. 5 

27-28 

17.0 

2.2 

16.4 

-  1.6 

449.2 

16.7 

11.9 

496.6 

-  76.0 

28-Mar.  1 

17.0 

2.1 

17.9 

-  3.0 

449.2 

16.6 

13.0 

497.8 

-  78.2 

Mar.  1-2  

17.0 

2  2 

17.9 

-  3.1 

449.2 

16.7 

12.9 

503. 8 

-  84.2 

Total  

68.3 

8.6 

68.4 

-  8.7 

1, 788. 1 

66.  6 

49.5 

2, 017. 9 

-345. 9 

Average,  1  day 

17.1 

2.2 

17.1 

-  2.2 

447.0 

16.6 

12.4 

504. 5 

-  86.5 

Experiment  No.  Ul. 

Mar.  2-3  

16.9 

1.5 

20.5 

-  5.1 

401.7 

19.5 

14.8 

476.6 

-109. 2 

3-4  

16.8 

1.4 

20.7 

-  5.3 

401.6 

19.6 

15.0 

451.7 

-  84.7 

4-5  

16.9 

1.5 

20.2 

-  4.8 

401. 6 

19.5 

14.6 

451.8 

-  84.3 

5-6  

16.8 

1.4 

19.8 

-  4.4 

401.6 

19.6 

14.4 

467.2 

-  99.6 

Total  

67.4 

5.8 

81.2 

-19.6 

1,  606. 5 

78. 2 

58.8 

1,847.3 

-377.8 

Average, 1  day 

16.9 

1.5 

20.3 

-  4.9 

401.6 

19.6 

14.7 

461.8 

-  94.4 

Experiment  No.  k2. 

Mar.  6-7  

14.1 

-14.1 

10.3 

169.0 

-179.3 

*  Nitrogen  in  perspiration  added  to  this  column,    f  Carbon  in  perspiration  added  to  this  column. 


Table  29. — Income  and  outgo  of  water  and  hydrogen,  metabolism  experiments  Nos.  40-4%' 


Water. 


Date. 

(a) 
In  food. 

(6) 
In  drink. 

(c) 
In  feces. 

(d) 
In  urine. 

(«) 
In  respir- 
atory 
products. 

(/) 
Apparent 
loss,  a+b 
—  (c+d+e). 

1901. 

Experiment  No.  AO. 
Feb. 26-27  

27-  28  

28-  Mar.  1  

Mar.  1-2  -  

Total  

Average,  1  day  

Experiment  No.  hi. 
Mar.  2-3  

3-  4  

4-  5  

5-  6  

Total  

Average,  1  day  ,  

Experiment  No.  h2. 
Mar.  6-7  

Grams. 
720.2 
677.2 
677.2 
677.2 

Grayns. 
2,550 
2,550 
2,800 
2, 800 

Grams. 
119.6 
119.6 
119.6 
119.6 

Grams. 
834.1 
711.4 
786.5 
757. 0 

Grams. 
+3,278.7 
+3,087.6 
+3,042.1 
+3, 068. 2 

Grams. 

-  962.2 

-  691.4 

-  471.0 

-  467.6 

2, 751. 8 

10, 700 

478.4 

3, 089. 0 

+12,476.6 

-2,592.2 

687.9 

2, 675 

119.6 

772.3 

+3,119.1 

-  648.1 

1,443.8 
1,443.8 
1,443.8 
1,443.8 

2,800 
2,800 
2,800 
2, 800 

134.6 
134.7 
134.6 
134.  7 

1,129.9 
1,682.4 
1,  657. 8 
1,481.4 

+3,233.8 
+3, 134.4 
+3, 340. 3 
+3,476.4 

-  254.5 

-  707.7 

-  888.9 

-  848.7 

5, 775. 2 

11,200 

538.6 

5,951.5 

+13,184.9 

-2,699.8 

1,443.8 

2,800 

134.7 

1,487.9 

+3,296.2 

-    675. 0 

1,400 

1, 686.  7 

841.7 

-1,128.4 
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Table  29. — Income  and  outgo  of  water  and  hydrogen,  etc. — Continued. 


Hydrogen. 


Date. 

.  (9) 
In  food. 

(h)  «) 
In  feces.  In  urine. 

(*) 
Apparent 

gain, 
g-(h+i). 

(I) 

Loss  from 
water, 
/*9. 

(TO) 

Total 
gain(+)  or 
loss( -)&+£. 

1901. 

Experiment  No.  h0. 

Feb.  26-27  

27- 28....  

28-  Mar.  1  

Mar.  1-2  

Total  

Average,  1  day  

Experiment  No.  hi. 

Mar.  2-3  

3-  4  

4-  5  

5-  6  ..... 

Total  

Average,  lday  

Experiment  No.  U%. 
Mar.  6-7  

Grams. 
66.1 
67.4 
67.4 
67.4 

Grams. 
2.3 
2.4 

2.3 
2. 4 

Grams. 
3.1 
3.2 
3.5 
3.5 

Grams. 
+  60.7 
+  61.8 
+  61.6 
+  61.5 

Grams. 
-106.  9 

-  76.8 

-  52.3 

-  52.0 

'  Grams. 

-  46.2 

-  15.0 
+  9.3 
+  9.5 

268.3 

9. 4 

13. 3 

+245.  6 

-288. 0 

-  42.4 

67.1 

2.4 

3.3 

+  61.4 

-  72.0 

-  10.6 

62. 1 
62.0 
62.1 
62.0 

3.0 
2.9 
2.9 
2.9 

4.0 
4.0 
3.9 

3.9 

+  55.1 
+  55.1 
+  55.3 
+  55.2 

-  28.3 

-  78.6 

-  98.8 

-  94.3 

+  26.8 

-  23.5 

-  43.5 

-  39.1 

248.2 

11.7 

15.8 

+  220.7 

-300.0          -  79.3 

62.1 

2.9 

4.0 

+  55.2 

-  75.0 

-  19.8 

2.8 

-  2.8 

-125. 4 

-128.2 

Table  30. — Gain  or  loss  of  protein  {Ny.6.25),  fed,  and  water,  metabolism  experiments 

Nos.  40-42. 

Date. 

(a) 

Nitrogen 
gained 
(  +  )  or 

lost  (— ). 

(6)  " 
Protein 
gained 
(  +  )  or 
lost  (-), 
a  x  6.25. 

(0 

Total 
carbon 
gained 
(  +  )  or 
lost  (-). 

(d) 
Carbon  in 
protein 
gained 
(  +  )  or 
lost(-), 
b  x  0.53. 

,  («) 
Carbon  in 
fat,  etc., 
gained 
(  +  )  or 
lost(-), 
•c-d. 

(/) 

Fat 
gained  (  +  ) 
or  lost ( — ) , 
e  -J-  0.7608. 

1901. 

Experiment  No.  hO. 

Feb.  26-27   

27-  28   

28-  Mar.  1  

Mar.  1-2  

Total  

Average,  1  day  

Experiment  No.  hi. 

Mar.  2-3  

3-  4  

4-  5  i  

5-  6  

Total  

Average,  1  day  

Experiment  No.  h%. 
Mar.  6-7  

Grams. 
-1.0 

-  1.6 

-  3.0 

-  3.1 

Grams. 

-  6.3 

-  10.0 

-  18.7 

-  19.4 

Grams. 
-107.5 

-  76.0 

-  78.2 

-  84.2 

Grams. 

-  3.3 

-  5.3 

-  9.9 
-10.  3 

Grams. 
-104.2 

-  70.7 

-  68.3 

-  73.9 

Grams. 
-137.0 

-  92.9 

-  89.8 

-  97.1 

-  8.7 

-  54.4 

-345.9 

-28.8 

-317.1 

-416. 8 

-  2.2 

-  13.6 

-  86.5 

-  7.2 

-  79.3 

-104. 2 

-  5.1 

-  5.3 

-  4.8 

-  4.4 

-  31.9 

-  33.1 

-  30.0 

-  27.5 

-109.2 

-  84.7 

-  84.3 

-  99.6 

-16.9 
-17.5 
-15.9 
-14.6 

-  92.3 

-  67.2 

-  68.4 

-  85.0 

-121.3 

-  88.3 

-  89.9 
-111.  7 

-19.6 

-122.5 

-377. 8 

-64.9 

-312. 9 

-411. 2 

-  4.9 

-  30.6 

-  94.4 

-16.2 

-  78.2 

-102.8 

-14.1 

-  88. 1 

-179. 3 

-46.7 

-132.  6 

-174.  3 

6000— No.  136—03  5 
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Table  30. — Gain  or  loss  of  protein  (NXb\£5),  fat,  and  water,  etc.- — Continued. 


Date. 

(fir) 
Total 
hydrogen 
gained  ( + ) 
orlost(  — ). 

(h) 
Hydrogen 
in  protein 
gained  ( + ) 
orlost(  — ), 
6x0.07. 

(«) 

Hydrogen 

in  fat 
gained  (  +  ) 
or  lost  (  — ), 
/X0.118. 

(*) 

Hydrogen  in 
water,  etc., 
gained  (  +  ) 
or  lost  (  — ), 
g-(h  +  i). 

(*) 
Water 
gained  (  +  ) 
or  lost  (  — ), 
kx9. 

1901. 

Experiment  No.  U0. 

Feb.  26-27   

27-  28   

28-  Mar.l  .  

Mar.  1-2  

Total  

Experiment  No.  Ul. 

Mar.  2-3  

3-  4  

4-  5  

5-  6  

Total  

Average,  1  day  

Experiment  No.  U%. 
Mar.  6-7  

Grams. 

-  46.2 

-  15.0 
+  9.3 
+  9.5 

Grams. 
-0.4 
-  .7 
—1.3 
-1.4 

Grams. 
-16.1 
-11.0 
-10.6 
-11.5 

Gra7iis. 

-  29.7 

-  3.3 
+  21.2 
+  22.4 

Grams. 
-267. 3 
-  29.7 
+190.8 
+201. 6 

-  42.4 

-3.8 

-49.2 

+  10.6 

+  95.4 

-  10.6 

-  .9 

-12.3 

+  2.7 

+  23.9 

+  26.8 

-  23.5 

-  43.5 

-  39.1 

-2.2 
-2.3 
-2.1 
-1.9 

-14.3 
-10.4 
-10.6 
-13.2 

+  43.3 

-  10.8 

-  30.8 

-  24.0 

+389. 7 
-  97.2 
-277.2 
-216. 0 

-  79.3 

-8.5 

-48.5 

-  22.3 

-200.  7 

-  19.8 

-2.1 

-12.1 

-  5.6 

-  50.2 

-128. 2 

-6.2 

-20.6 

-101. 4 

-912.  6 

Table  SI.— Income  and  outgo  of  energy,  metabolism  experiments  Nos.  40-42. 


Date. 

(a) 

Heat  of 
combus- 
tion of 

food 
.  eaten. 

(b) 

Heat  of 
combus- 
tion of 
feces. 

(c) 

Heat  of 
combus- 
tion of 
urine. 

(d) 

Estima- 
ted heat 
of  com- 
bustion 
of  pro- 
tein 
gained 
(+)  or 
lost  (-). 

(«) 

Estima- 
ted heat 
of  com- 
bustion 
of  fat 
gained 
(  +  )  or 
lost  (-). 

(/) 
Estima- 
ted ener- 
gy of  ma- 
terial 
oxidized 
in  the 
body, 
a—(b+c 
+d+e). 

(9) 

Heat 
deter- 
mined. 

(h) 

Heat 
deter- 
mined 
greater 
(  +  )  or 
less  (  — ) 
than  es- 
timated, 
f-9. 

(i) 
Heat 
deter- 
mined 
greater 
(  +  )  or 
less  (— ) 
than  es- 
timated, 
h+f. 

1901. 

Experiment  No.  U0. 
Feb.  26-27  

Calories. 
4, 451 
4,523 
4, 523 
4, 523 

Calories. 
182 
182 
182 
182 

Calories. 
130 
135 
166 
142 

Calories. 

-  35 

-  57 
-106 
-109 

Calories. 
-1,307 

-  886 

-  857 

-  926 

Calories. 
5, 481 
5,149 
5,138 
5,234 

Calories. 
5,417 
5, 112 
5, 171 
5, 192 

Calories. 

-  64 

-  37 
+  33 

-  42 

Per  cent. 
-1.2 

-  .7 
+  .6 

-  .8 

27-28  

28-Mar.  1 
Mar.  1-2  

Total  

18, 020 

728 

573 

-307 

-3,976 

21, 002 

20, 892 

-110 

Average,  1  day. 
Experiment  No.  U. 
Mar.  2-3  

4, 505 

182 

143 

-  77 

-  994 

5,251 

5,223 

-  28 

-  .5 

4,539 
4,539 
4,539 
4,539 

232 
231 
231 
231 

154 
155 
166 
156 

-180 
.  -187 
-170 
-155 

-1,157 

-  842 

-  858 
-1, 067 

5,491 
5,182 
5, 170 
5,374 

5,233 
5, 133 
5,222 
5, 379 

-258 
-  49 
+  52 
+  5 

-4.7 
-  .9 
+  1.0 
0.0 

3-4  

4-5  

5-6  

Total  

18, 156 

925 

631 

-692 

-3,924 

21, 217 

20, 967 

-250 

Average,  1  day. 
Experiment  No.  h%. 
Mar.  6-7  

4,539 

231 

158 

-173 

-  981 

5, 304 

5, 242 

-  62 

-1.2 

108 

-498 

-1, 663 

2, 053 

1,946 

-107 

-5.2 
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METABOLISM  EXPERIMENTS  NOS.  43-45. 

The  general  purpose  of  this  series  of  experiments  was  the  same  as 
that  of  the  previous  one,  namely,  a  comparison  of  the  replacing  power 
of  fat  and  sugar  as  parts  of  a  diet  for  muscular  work,  except  that  the 
order  was  reversed,  the  fat  diet  being  taken  in  this  case  in  the  first  test 
of  the  series.  Furthermore,  in  the  last  experiment,  No.  45,  the  sub- 
ject, instead  of  fasting  without  work,  as  in  experiments  Nos.  36,  39, 
and  42,  performed  the  regular  amount  of  work  and  followed  the  same 
diet  as  in  experiment  No.  43. 

The  preliminary  digestion  experiment  began  with  breakfast  on 
March  25,  1901,  and  continued  four  days,  as  usual.  The  diet  was  the 
same  as  in  metabolism  experiment  No.  43,  to  follow.  The  subject  was 
recovering  from  a  cold  and  on  the  first  day  was  unable  to  take  as  much 
exercise  as  usual,  and  ate  less  than  was  intended;  in  fact,  he  could  not 
eat  all  the  fat  in  the  ration.  The  second  day  he  felt  much  better,  took 
the  usual  exercise,  and  relished  the  entire  ration.  He  desired  addi- 
tional drink,  which  was  furnished  by  400  cubic  centimeters  of  cereal 
coffee  decoction  with  each  meal,  and  in  this  way  the  ration  was  made 
very  acceptable. 

He  entered  the  calorimeter  on  the  evening  of  March  28  and  retired 
at  the  usual  time — 11  p.  m.  The  experiment  proper  began  at  7  a.  m. 
on  March  29.    The  programme  followed  was  as  shown  on  page  45. 

Considerable  trouble  was  experienced  during  this  experiment  in 
maintaining  the  required  voltage  with  the  ergometer,  partly  on  account 
of  the  slipping  of  the  wheels  and  partly  on  account  of  fluctuations  in 
the  field  current  of  the  dynamo.  The  extra  effort  caused  the  subject 
to  perspire  freely,  but  otherwise  he  was  entirely  comfortable. 

Experiment  No.  44  began  at  7  a.  m.  on  April  2,  and  continued  four 
days.  Considerable  trouble  being  experienced  with  the  ergometer 
during  the  first  day,  the  tension  of  the  spring  holding  the  rear  tire  to 
the  driving  wheel  of  the  dynamo  was  increased,  and  resin  was  applied 
to  the  strip  of  canvas  which  had  been  cemented  to  the  surface  of  the 
tire  where  it  came  in  contact  with  the  pulley,  and  no  further  trouble 
was  experienced.  The  subject  slept  well  and  relished  his  food  during 
the  experiment. 

At  7  a.  m.  on  April  6  experiment  No.  45  began,  the  subject  return- 
ing to  the  diet  of  experiment  No.  43,  and  continuing  the  same  rate  of 
work  as  during  experiments  Nos.  43  and  44.  The  diet  was  not  relished 
as  well  as  during  experiment  No.  43.  The  subject  left  the  chamber  at 
7  a.  m.  on  April  7. 

The  diet  in  experiment  No.  43  consisted  of  a  basal  ration  furnishing 
48.4  grams  of  protein  and  1,848  calories  of  energy.  This  was  increased 
by  a  supplementary  ration  of  milk  and  butter,  so  that  the  whole  ration 
furnished  about  104  grams  of  protein  and  4,867  calories  of  energy,  fat 
supplying  about  45  per  cent  of  the  latter.    In  experiment  No.  45  the 
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same  basal  ration  was  used  and  sufficient  milk  and  butter  added  so  that 
105.3  grams  of  protein  and  4,860  calories  of  energy  were  furnished 
per  day.  In  experiment  No.  44  the  same  basal  ration  as  before  was 
increased  by  cane  sugar,  milk  sugar,  bread,  graham  crackers,  and  milk, 
so  that  the  whole  diet  supplied  104. 4, grams  of  protein  and  4,932  calories 
of  energy,  of  which  about  7 6  per  cent  was  furnished  by  carbohydrates. 

Statistics  of  income  and  outgo.—  Tables  32-36  below  give  the  sta- 
tistics of  income  and  outgo  of  matter  and  energy  in  this  series  of 
experiments. 

The  details  of  the  rations,  including  amounts,  composition,  and  heats 
of  combustion  of  the  constituents,  are  shown  in  Table  32.  The  amounts 
of  nutrients  and  energy  rejected  in  the  feces  are  shown  in  Table  33. 
(See  Appendix,  Tables  109  and  110.) 

Table  32.  —  Weighty  composition,  and  heat  of  combustion  of  foods,  metabolism  experiments 

Nos.  43-45. 


Food  material. 


Weight 
per  day. 


Basal  ration. 

Beef  

Butter  

Bread   

Ginger  snaps  

Shredded  wheat.. 

Sugar  

Cereal  coffee  

Total  

Supplemental  ration  . 

EXPERIMENT  NO.  43. 

Whole  milk  

Butter  

Total  ration 
per  day  . . . 

EXPERIMENT  NO.  44. 

Whole  milk  

Beef  

Bread  

Shredded  wheat.. 
Graham  crackers. 

Ginger  snaps  

Milk  sugar  

Cane  sugar  

Total  ration 
per  day  . . . 

EXPERIMENT  NO.  45. 

Whole  milk  

Butter  

Total  ration 
per  day  . . . 


Grams. 
35 
20 
350 
60 
40 
60 
1,200 


1,765 


1,355 
225 


3, 345 


450 
25 

200 
40 

100 
25 

100 

246 


2,951 


1,355 
225 


Water. 


Grams. 
22.0 
2.2 
148.7 
2.4 
2.5 


1,149.0  52.9 
25. 0         2. 7 


Pro- 
tein. 


Grams. 
11.5 
.  2 
28.3 
3.6 
4.1 


2,543.4  104.0 


379.4 
15.7 
85.0 
2.5 
2.7 
1.0 
5.1 


1,142.3 
25.  0 


3, 341 


17.1 
8.2 

16.2 
4.1 
8.9 
1.5 


104.4 


54.2 
2.7 


Fat. 


Grams. 
1.0 
17.0 
3.9 

3.4 
.6 


74.6 
191.3 


291.8 


25.2 

2.2 
.6 
10.9 
1.4 


71.9 
191.3 


105. 3      289. 1 

I 


Carbo- 
hy- 
drates. 


Grams. 


165.5 
49.2 
32.2 
60.0 
7.2 


314.1 


383,3 


25.2 


94.6 
32.2 
74.6 
20.5 
94.9 
246.0 


391.4 


Nitro- 
gen. 


Grams. 

1.84 
.04 

4.97 
.63 
.72 


8. 32 


8.40 
.43 


2. 74 
1.32 
2.84 

.72 
1.56 

.26 


8.67 
.43 


Car- 
bon. 


Grams. 

6. 73 
12. 57 
90.69 
25. 74 
16.  70 
25. 26 

3. 96 


181.65 


108. 00 
141.43 


Hydro- 
gen. 


Grams. 
0. 99 
2.06 
13. 55 
3. 98 
2.54 
3.89 
.60 


27. 61 


16. 93 
23.22 


37.22 
4.81 
51.80 
16. 70 
45. 37 
10. 73 
40. 00 
103. 57 


491.85 


113. 14 
141. 44 


5. 76 
.71 
7.74 
2.54 
6. 69 
1.66 
6. 15 
15. 94 


74. 80 


17.07 

23.22 


67. 90 
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Table  33. —  Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiments 

Nos.  43-45. 


Lab- 
ora- 
tory 
No. 

Weight. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Experiment  No.  US. 

Grains. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

3316 

Total,  4  days  

882.9 

727.6 

51.1 

30.0 

48.6 

8. 17 

79.28 

11.74 

897 

Average  per  day . . 

220.7 

181.9 

12.8 

7.5 

12.1 

2.04 

19. 82 

2.94 

224 

Experiment  No.  UU. 

3317 

Total,  4  da vs  

801.7 

654.2 

64.6 

16.0 

49.7 

10. 34 

70. 15 

9.70 

762 

Average  per  day. . . 

200.4 

163.5 

16.2 

4.0 

12.4 

2.59 

17.54 

2. 42 

190 

Experiment  No.  U5. 

3320 

Total,  1  dav  

257.5 

214.5 

13.7 

7. 7 

14.9 

2.19 

22.22 

3.24 

256 

Table  34  shows  the  composition  and  heat  of  combustion  of  the  urine 
during  this  series.    (For  details,  see  Appendix,  Tables  110  and  111.) 

Table  34. — Amount  and  composition  of  urine,  metabolism  experimen  ts  Nos.  43-45- 


Ex- 
peri- 
ment 

NO. 

;  Date. 

Amount. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 



Water. 

Heat  of 
combus- 
tion. 

43 

44 

45 
43-45 

1901. 

Mar.  29-30   

30-  31  

31-  Apr.  1  

Apr.  1-2  

Total,  4davs  

Apr.  2-3  

3-  4  

4-  5  

5-  6  

Total.  4davs  

Apr.  6-7  

Total,  9davs  

Grams. 
1, 686. 1 
1, 923. 7 
2, 006.  6 
2, 269. 3 

Grams. 
18. 69 
19. 72 
18.39 
18. 21 

Grams. 
13.60 
14. 35 
13.38 
13. 25 

Grams. 
3.61 
3. 81 
3.56 
3.52 

Grams. 
1,618.7 
1, 851. 7 
1, 938. 0 
2, 199. 4 

Calories. 
150 
156 
144 
138 

7, 885. 7 

75. 01 

54.  58 

14.50 

7,  607. 8 

588 

1, 989. 4 
2,081.6 
2,258.9 
1,  912. 6 

17.10 
16.10 
16.88 
17.58 

12. 44 
11.71 
12.28 
12.79 

3. 31 
3. 11 
3.26 
3. 40 

1,  924.  8 
2, 019. 3 
2, 193. 1 
1, 847. 0 

139 
137 
142 
142 

8,242.5 

67.  66 

49. 22 

13. 08 

7, 984. 2 

560 

2,233.9 

18. 86 

13.  72 

3.64 

2, 162. 3 

150 

18, 362. 1 

161. 53 

117. 52 

31. 22 

17,754.3 

1,298 
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Table  35  summarizes  the  record  of  carbon  dioxid  and  water  in  the 
ventilating-  air  current.    (Details  in  Appendix,  Tables  117-122.) 


Table  35. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 

experiments  Nos.  43-45. 


Carbon  dioxid. 

(/) 

Water. 

(a) 

(b) 

(C) 

(d) 

\el 

g  , 

(9) 

(A) 

(0 

(*) 

Ex- 
peri- 
ment 
No. 

Date. 

Volume  of  air. 

In  incoming  air. 

In  outgoing  air. 

Correction  for 
amount  remain- 
ing in  chamber. 

>> .. 

*t  + 
&  . 

a  « 
a  <v 

a  g 

Total  carbon  in  respi 
tory  products,  exfi 

In  incoming  air. 

In  outgoing  air. 

Correction  for 
amount  remain- 
ing in  chamber. 

Total  water  of  res- 
piration and  per- 
spiration, h  +  i  —  g. 

1901. 

Liters. 

Gravis. 

Grams. 

Grams. 

Grams. 

Grams. 

G'rams. 

Gra?7is. 

Grams. 

Grams. 

43 

Mar.  29-30  . 

117, 375 

76.1 

1,  828.  7 

-0.2 

1, 752. 4 

477.9 

84.3 

1, 302. 7 

+2,284.4 

3,502.8 

30-31  . 

118, 930 

71.3 

1,719.7 

+  1.0 

1,649.4 

449.8 

86.9 

1,325.1 

+1,958.2 

3, 196.4 

Mar.  31- 

115, 044 

66.1 

1, 692.  7 

-1.3 

1,625.3 

443. 2 

86.3 

1,269.5 

+1, 922. 9 

3,106.1 

Apr.  1-2.... 

112, 713 

67.9 

1,670.8 

-  .8 

1, 602. 1 

436.9 

91.5 

1,235.3 

+1,842.5 

2,986.3 

Total 

464, 062 

281.4 

6,911.9 

-1.3 

6, 629. 2 

1,807.8 

349.0 

5, 132. 6 

+8,008.0 

12, 791. 6 

44 

Apr.  2-3.... 

112,  713 

65.9 

1, 869. 2 

+2.8 

1,806.1 

492.6 

98.8 

1,264.9 

+2, 007. 0 

3, 173. 1 

3-4.... 

112,713 

67.6 

1, 860. 1 

-1.7 

1,  790. 8 

488.4 

101.7 

1,228.0 

+1,908.5 

3, 034. 8 

4-5.... 

116, 598 

68.3 

1,917.3 

+1.0 

1, 850. 0 

504.5 

104.5 

1,256.8 

+1,945.4 

3,097.7 

5-6.... 

117, 376 

71.3 

2, 028. 1 

-2.4 

1, 954. 4 

533.0 

105.5 

1, 329. 2 

+2, 351. 6 

3,575.3 

Total 

459, 400 

273.1 

7,674.7 

-  .3 

7,401.3 

2, 018.  5 

410.5 

5, 078. 9 

+8, 212.5 

12, 880. 9 

45 

Apr.  6-7  

116, 598 

71.3  1,780.4 

+  , 

1,  709. 9 

466.3 

107.0 

1, 302. 1 

+1,965.6 

3, 160.7 

Table  36  summarizes  the  calorimetric  determinations.  (Details  in 
Appendix,  Tables  123  and  124.) 

Table  36. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  43-45. 


Ex- 
peri- 
ment 

No. 

Date. 

(a) 

Heat  car- 
ried 
away  by 

water 
current. 

(b) 

Correction 

for  tem- 
perature of 
food  and 
dishes  and 

changes 
in  tempera- 
ture of 
calorimeter. 

(c) 

Heat  ren- 
dered 
latent  in 
vaporiza- 
tion of 
water. 

(d) 

Total  heat 
deter- 
mined, 
a  +  b  +  c. 

(0 

Heat  equiv- 
alent of 
external 
muscular 
work. 

43 
44 
45 

1901. 

Mar.  29-30   

30-  31   

31-  Apr.  1  

Apr.  1-2  

Total,  4  days  

Apr.  2-3  

3-  4  

4-  5  

5-  6  

Calories. 
4, 759. 8 
4, 520. 1 
4, 445. 7 
4, 399. 2 

Calories. 

-  19.4 

-  13.4 

-  63.8 

-  44.5 

Calories. 
723.2 
737.2 
698.0 
676.8 

Calories. 
5,463.6 
5,243.9 
5, 079. 9 
5, 031. 5 

Calories. 
611.4 
522.5 
553.0 
503.2 

18, 124. 8 

-141.1 

2, 835.  2 

20, 818. 9 

2, 190. 1 

4,558.0 
4, 446. 5 
4,473.8 
4, 729. 1 

-  41.0 

-  58.3 

-  40.0 

-  37.7 

691.5 
665. 3 
681.7 
725. 4 

5, 208. 5 
5, 053. 5 
5, 115. 5 
5, 416.8 

559.0 
539.3 
561.0 
624.4 

Total,  4  davs  

18,207.4 

-177.0  |       2,763.9  j  20,794.3 

2, 283.  7 

Apr.  6-7  

4,502.3 

-  46.5  706.2 

5,162.0 

576.8 
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Balance  of  income  and  outgo  of  matter  and  energy. — From  the  pre- 
ceding statistics  the  income  and  outgo  of  nitrogen,  carbon,  hydrogen, 
and  energy  on  the  different  days  of  the  experiments  are  computed, 
and  the  results  are  shown  in  Tables  37-40.  Formulas  in  the  column 
headings  show  how  most  of  the  results  were  derived.  (See  preceding 
tables  of  these  experiments  and  Appendix,  Tables  117-124  for  details.) 


Table  37. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Nos.  43-45. 


Date. 

Nitrogen. 

Carbon. 

(a) 
In  food. 

(&) 

in 

feces. 

(c) 

In 
urine.  * 

(d) 
Gain(  +  ) 
or  loss 
(-),  a- 
(b+e). 

(e) 
In  food. 

(/) 

In 

feces. 

iff) 

In 
urine,  f 

(h) 

In  respir- 
atory 
products. 

(*) 

Gain(  +  ) 
or  loss 
(-),  e— 

(f+g+h). 

1901. 

Experiment  No.  A3. 
Mar.  29-30  

30-  31   

31-  Apr.  1  

Apr.  1-2  

Total  

Average,  1  day 
Experiment  No.  kk. 
Apr.  2-3  

3-  4  

4-  5  

5-  6  

Total  

Average,  1  day 
Experiment  No.  U5. 
Apr.  6-7  

Grams. 
17.1 
17.2 
17.1 
17.2 

Grams. 
2.0 
2.1 
2.0 
2.1 

Grams. 
19.1 
20.0 
18.8 
18.5 

Grams. 

-  4.0 

-  4.9 

-  3.7 

-  3.4 

Grams. 
431.0 
431.1 
431.1 
431.1 

Grams. 
19.9 
19.8 
19.8 
19.8 

Grams. 
13.8 
14.5 
13.5 
13.4 

Grams. 
477. 9 
449.9 
443.3 
436.9 

Grams. 

-  80.6 

-  53.1 

-  45.5 

-  39.0 

68.6 

8.2 

76.4 

-16.0 

1, 724.  3 
431.1 

79.3 
1978" 

55.2 
1378" 

1, 808. 0 

-218. 2 

17.1 

2.0 

19.1 

-  4.0 

452.0 

-  54.6 

17.7 
17.8 
17.7 
17.8 

2.5 
2.6 
.  2.6 
2.6 

17.5 
16.4 
17.3 
17.9 

-  2.3 

-  1.2 

-  2.2 

-  2.7 

491.8 
491.9 
491.8 
491.9 

17.6 
17.5 
17.6 
17.5 

12.6 
11.8 
12.5 
12.9 

492.6 
488.4 
504.5 
533.0 

-  31.0 

-  25.8 

-  42.8 

-  71.5 

71.0 

10.3 

69.1 

-  8.4 

1,967.4 

70.2 

49.8 

2, 018. 5 

-171.1 

17.8 

2.6 

17.3 

-  2.1 

491.8 

17.5 

12.5 

504.6 

-  42.8 

17.4 

2.2 

19.3 

-  4.1 

436.2 

22.2 

13.8 

466.3 

-  66.1 

*  Nitrogen  in  perspiration  included  here.  f  Carbon  in  perspiration  included  here. 


Table  38. — Income  and  outgo  of  water  and  hydrogen,  metabolism  experiments  Nos.  43-45. 


Date. 

Water. 

(a) 
In  food. 

(6). 
In  drink. 

(c) 
In  feces. 

(d) 
In  urine. 

t  • 

In  respir- 
atory 
products. 

CO 

Apparent  loss, 
a+b-(c+d+e). 

1901. 

Experiment  No.  IS. 
Mar.  29-30  

30-  31   

31-  Apr.  1  

Apr.  1-2  

Total  

Grams. 
2, 543. 4 
2,543.4 
2,543.4 
2,543.4 

Grams. 
2, 150 
2,150 
2,150 
2,150 

Grams. 
181.9 
181.9 
181.9 
181.9 

Grams. 
1, 618. 7 
1, 851. 7 
1, 938. 0 
2, 199. 4 

Grams. 
3, 502. 8 
3, 196. 4 
3, 106. 1 
2, 986. 3 

Grams. 

-  610.0 

-  536.6 

-  532. 6 

-  674. 2 

10, 173. 6 

8,600 

727.6 

7, 607. 8 

12,  791.6 

-2, 353.4 

Average,  1  day  

Experiment  No.  hh. 
Apr.  2-3  

3-  4  

4-  5  

5-  6  

2, 543. 4 

2,150 

181.9 

1,902.0 

3, 197.  9 

-  588.4 

1,860.8 
1,860.8 
1, 860. 8 
1, 860. 8 

2,950 
2,950 
2, 950 
2,950 

163.6 
163. 5 
163.6 
163.5 

1, 924. 8 
2, 019. 3 
2, 193. 1 
1,847.0 

3, 173. 1 
3,034.8 
3, 097. 7 
3, 575. 3 

-  450. 7 

-  406. 8 

-  643.6 

-  775. 0 

Total  

Average,  1  day  

Experiment  No.  /,5. 
Apr.  6-7  

7,  11:;.  2 

11, 800 

654.2 

7,  984. 2 

12,880.9 

-2, 276. 1 

1,860.8 

2, 950 

163.6 

1, 996. 0 

3, 220.2 

-    569. 0 

2, 536. 7 

2,150 

214.5 

2, 162. 3 

3, 160.  7 

-  850.8 
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Table  38. — Income  and  outgo  of  water  and  hydrogen,  etc. — Continued. 


Date. 


Hydrogen. 


(SO 
In  food. 


(h) 
In  feces. 


In  urine. 


(*) 
Apparent 

gain, 
g-{h+i). 


(I) 

Loss  from 
water, 
/*9. 


(m) 

Total  gain  (  +  ) 
or  loss  (  — ),  k+l. 


1901. 

Experiment  No.  &3. 

Mar.  29-30  

30-  31  

31-  Apr.l  

Apr.  1-2  

Total  


Average,  1  day  

Experiment  No.  U 


Apr.  2-3. 

3-  4. 

4-  5. 

5-  6. 


Total  

Average,  Ida  y ... 
Experiment  No. 
Apr.  6-7  


Grams. 
67.8 
67.7 
67.8 
67.7 


271. 0 


67.7 


74.8 
74.8 
74.8 
74.8 


299.2 


67.9 


Grams. 
3.0 
2.9 
2.9 
2.9 


Grams. 
3.6 
3.8 
3.6 
3.5 


Grams. 
+  61.2 
+  61.0 
+  61.3 
+  61.3 


Grams. 

-  67.8 

-  59.6 

-  59.2 

-  74.9 


11.7 


14.5 


+244.  8 


-261.5 


65.4 


2.5 
2.4 
2.4 
2.4 


3.3 
3.1 
3.3 
3.4 


+  69.0 
+  69.3 
+  69.1 
+  69.0 


-  50.1 

-  45.2 

-  71.5 

-  86.1 


13.1 


+276.4 


+  69.1 


3.2 


3.6 


+  61.1 


-252.9 


94.5 


Grams. 

-  6.6 
+  1.4 
+  2.1 
-13.  6 


■16.7 


4.2 


+18.9 
+24.1 
-  2.4 
-17.1 


+23.5 


5.9 


-33.4 


Table  39. — Gain  or  loss  of  protein  (NX6.25) ,  fat,  and  ivater,  metabolism  experiments 

Nos.  43-45. 


Date. 


1901. 

Experiment  No.  IS. 

Mar.  29-30   

30-  31   

31-  Apr.  1  

Apr.  1-2  

Total  

Average,  1  day  

Experiment  No.  Uk. 

Apr.  2-3  

3-  4  

4-  5  

5-  6  

Total  

Average,  1  day  

Experimen  t  No.  U5. 
Apr.  6-7  '.  


(a) 

Nitrogen 
gained 
(+)  or 

lost  (-). 


Grams. 

-  4.0 

-  4.9 

-  3.7 

-  3.4 


-16.0 


4.0 


2.3 
1.2 
2.2 
2.7 


2.1 


(&) 

Protein 
gained 
(+)  or 
lost  (-), 
ax  6.25. 


Gi-ams. 

-  25.0 

-  30.6 

-  23.1 

-  21.3 


-100. 0 


-  25.0 


14.4 
7.5 
13.7 
16.9 


52.5 


13.1 


(C) 

Total 
carbon 
gained 
(  +  )  or 
lost  (-). 


Grams. 

-  80.6 

-  53.1 

-  45.5 

-  39.0 


-218. 2 


54.5 


(d) 

Carbon  in 
protein 
gained 
(  +  )  or 

lost  (-), 
6x0.53. 


Grams. 
-13. 2 
-16.2 
-12.3 
-11.3 


-53.  0 


13.  2 


31.0 
25.8 
42.8 
71.5 


-171.1 


42.8 


7.6 
4.0 


7.0 


-13. 


(c) 

Carbon  in 
fat,  etc., 
gained 
(  +  )  or 
lost  (-), 
c-d. 


Grams. 

-  67.4 

-  36.9 

-  33.2 

-  27.7 


1(15.2 


41.3 


23.4 
21.8 
35.5 
62.6 


143.3 


-  35.8 


52.5 


(/) 

Fat 
gained  (  +  ) 
orlost(  — ), 
e-r  0.7608. 


Grams. 


-  48.5 

-  43.6 

-  36.4 


-217. 1 


-  30.8 

-  28.6 

-  46.6 

-  82.3 

-188.3 

-  47.1 
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Table  39. — Gain  or  loss  of  protein  (NX6.25) ,  fat,  andtvater,  etc. — Continued. 


Date. 

(flO 

Total 
hydrogen 
gained  (  +  ) 
or  lost  (— ). 

(h) 

Hydrogen 
in  protein 
gained  (  +  ) 
or  lost  (  — ), 
&X0.07. 

(i) 

Hydrogen 

in  fat 
gained  (  +  ) 
or  lost  (  — ), 
/x  0.118. 

(k) 
Hydrogen 
in 

water,  etc., 
gained  ( + ) 
or  lost  ( — ) , 
g-(h+i). 

(I) 

Water 
gained  (  +  ) 
or  lost  (— ), 
fcx9. 

1901. 

Experiment  No.  A3. 

liar.  29  30   

30-  31  

31-  Apr.  1  

Apr.  1-2  

Experiment  No.  hk. 

Apr.  2-3  

3-  4..  

4-  5  

5-  6  

Total  

Average,  1  day  

Experiment  No.  A5. 
Apr.  6-7  

Grams. 
-  6.6 
+  1.4 
+  2.1 
-13.6 

Grams. 
-1.8 
-2.1 
-1.6 
-1.5 

Grams. 
-10.5 

-  5.7 

-  5.1 

-  4.3 

Grams. 
+  5.7 
+  9.2 
+  8.8 
-  7.8 

Grams. 
+  51.3 
+  82.8 
+  79.2 
-  70.2 

-16.7 

-7.0 

-25.6 

+15.9 

+143. 1 

-  4.2 

-1.7 

-  6.4 

+  4.0 

+  35.8 

+18.9 
+24.1 
-  2.4 
-17.1 

-1.0 

--  .5 
-1.0 
-1.2 

-  3.6 

-  3.4 

-  5.5 

-  9.7 

+23.5 
+28.0 
+  4.1 
-  6.2 

+211. 5 
+252. 0 
+  36.9 
-  55.8 

+23.5 

-3.7 

-22.2 

+49.4 

+444.6 

+  5.9 

-  .9 

-  5.6 

+12.4 

+111.2 

-33.4 

-,8 

-  8.1 

-23.5 

-211. 5 

Table  40. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  43-45. 


Date. 

(a) 

Heat  of 
combus- 
tion of 
food 
eaten. 

(&) 

Heat  of 
combus- 
tion of 
feces. 

(c) 

Heat  of 
combus- 
tion of 
urine. 

(d) 
Estima- 
ted heat 
of  com- 
bustion 
of  pro- 
tein 
gained 
(  +  )  or 
lost  (-). 

(e) 
Estima- 
ted heat 
of  com- 
bustion 
of  fat 
gained 
(+)  or 
lost(-). 

(/) 

Estima- 
ted en- 
ergy of 

material 

oxidized 
in  the 

body,  a - 
(b+c+d 
+e). 

(9) 

Heat 
deter- 
mined. 

(h) 
Heat 
deter- 
mined 
greater 
(  +  )  or 
less  (— ) 
than  es- 
timated, 

f-g- 

(i) 
Heat 
deter- 
mined 
greater 
(  +  )  or 
less(  — ) 
than  es- 
timated, 
h+f. 

1901. 

Experiment  No.  A3. 

Mar.  29-30  

30-  31  

31-  Apr.  1 
Apr.  1-2  

Total  

Calories. 
4,867 
4, 867 
4, 867 
4, 867 

Calories. 
225 
224 
224 
224 

Calories. 
150 
156 
144 
138 

Calories. 
-141 
-173 
-131 
-120 

Calories. 

-  845 

-  463 

-  416 

-  347 

Calories. 
5,478 
5, 123 
5,046 
4,972 

Calories. 
5,  463 
5,244 
5,080 
5, 032 

Calories. 

-  15 
+121 
+  34 
+  60 

Per  cent. 
-0.2 
+2.3 
+  .7 
+  1.2 

19,468 

897 

588 

—565 

-2,071 

20, 619 

20, 819 

+200 

Average,  1  day. 
Experiment  No.  AA. 

Apr.  2-3  

3-  4  

4-  5  

5-  6  i  

Total  

4, 867 

224 

147 

-141 

-  518 

5,155 

5,205 

5,208 
5,054 
5,115 
5, 417 

+  50 

+1.0 

4,932 
4, 932 
4,  932 
4,932 

190 
191 
190 
191 

139 
137 
142 
142 

-  81 

-  42 

-  78 

-  96 

-  294 

-  273 

-  445 

-  785 

4, 978 
4, 919 
5,123 
5,480 

+230 
+135 

-  8 

-  63 

+4.6 
+2.7 
-  .2 
-1.2 

19,  728 

762  560 

-297 

-1,797 

20,  500 

20,  794 

+294 

Average,  1  day. 
Experiment  No.  A5. 
Apr.  6-7  

4,932 

190 

140 

-  74 

-   449  |  5,125 

5, 198 

+  73 

+1.4 

4, 860 

256 

150 

-145 

-    658  5,257 

5, 162 

-  95 

-1.8 
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METABOLISM  EXPERIMENTS  NOS.  46-48. 

This  series  of  experiments  was  intended  to  be,  as  nearly  as  possible, 
an  exact  duplicate  of  the  preceding.  The  preliminary  period  began 
with  breakfast  on  April  29,  1901,  and  continued  the  usual  four  days. 
The  diet  during  this  period  was  the  same  as  that  planned  for  experi- 
ment No.  46,  and  for  exercise  the  subject  walked  and  rode  a  bicycle 
daily.  He  was  in  excellent  health  and  spirits  and  relished  the  food 
selected. 

On  the  evening  of  May  2  he  entered  the  calorimeter  and,  after 
arranging  the  contents  of  the  chamber,  retired  at  the  usual  time,  11 
o'clock.  The  experiment  proper  (No.  46)  began  at  7  a.  m.  May  3  and 
lasted  four  days.  The  programme  was  the  same  as  outlined  before 
(page  45),  the  total  muscular  work  done  being  considerable.  The  diet 
consisted  of  a  basal  ration,  furnishing  about  45.5  grams  of  protein  and 
1,809  calories  of  energy,  which  was  supplemented  by  sufficient  milk 
and  butter  to  bring  the  total  protein  and  energy  up  to  103  grams  and 
4,836  calories,  respectively,  the  greater  part  of  the  energy  being  sup- 
plied by  fat.  The  food  was  relished  and  the  subject  felt  in  excellent 
condition. 

On  May  7,  at  7  a.  in.,  experiment  No.  46  ended  and  experiment  No.  47 
began.  This  was  of  the  usual  length  (four  days),  with  a  diet  consisting 
largely  of  carbohydrates,  which  was  made  up  of  the  same  basal  ration 
as  before,  with  sufficient  additional  food,  mainly  cane  sugar  and  milk 
sugar,  to  bring  the  total  protein  and  energy  furnished  up  to  102.2 
grams  and  4,710  calories,  respectively.  The  sudden  change  in  the 
character  of  the  food  had  no  unpleasant  effect  and  the  carbohydrate 
diet  was  relished  even  more  than  the  large  amount  of  butter  fat.  The 
daily  programme  and  the  amount  of  work  was  the  same  as  in  the  pre- 
vious work  experiments.  The  subject  slept  well  at  night  and  was  not 
tired  at  the  conclusion  of  the  experiment. 

At  7  a.  m.  on  May  11  the  subject  returned  to  a  fat  diet  and  experi- 
ment No.  48  began,  and  lasted  one  day.  The  ration  was  the  same  as 
that  in  experiment  No.  46,  with  the  exception  of  an  increase  of  2t)  cal- 
ories in  its  energy  value.  The  sudden  change  was  not  entirely  agree- 
able to  the  subject  and  he  did  not  relish  the  food  as  well  as  the  pre- 
ceding ration.  He  was  more  restless  at  night  than  before,  but  felt 
perfectly  well  when  he  left  the  calorimeter  at  7  a.  m.  on  Ma}^  12. 

In  experiments  Nos.  46  and  48  it  will  be  seen  that  the  fats  furnished 
about  60  per  cent  of  the  total  energy,  while  in  experiment  No.  47  the 
carbohydrates  furnished  over  73  per  cent. 

Statistics  of  income  and  outgo. — The  statistics  of  income  and  outgo 
of  matter  and  energy  are  given  in  Tables  41-45. 

The  amounts,  composition,  and  hearts  of  combustion  of  the  food 
materials  used  in  this  series  are  shown  in  Table  41,  and  the  outgo  of 
matter  and  energy  in  the  feces  is  shown  in  Table  42. 
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Table  41.— Weight,  composition,  and  heat  of  combustion  of  food,  metabolism  experiments 

Nos.  46-48. 


Lab- 
ora- 
tory 
No. 

Food  material. 

Weight 
per  day. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Basal  ration. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

3340 
3341 
33-16 

Beef  

35 

21.7 

11.8 

1.0 

1.89 

6.84 

1.02 

77 

Butter 

20 

1.7 

.  2 

17.5 

.04 

13. 14 

1.53 

162 

Bread  

3-50 

149.1 

25.2 

5.6 

166.9 

4.45 

91.28 

12.88 

916 

3305 

Ginger  snaps 

60 

2.4 

3.6 

3.4 

49.2 

.63 

25.74 

3. 98 

259 

3347 

Shredded  wheat. . 

40 

3.2 

4.0 

.5 

31.8 

.70 

16.58 

2. 56 

162 

Sugar  

45 

45.0 

18.95 

2.92 

178 

3348 

Cereal  coffee  

1,200 

1, 186. 8 

.7 

12.0 

.12 

5.64 

.84 

55 

Total  

1,7.50 

1,364.9 

45.5 

28.0 

304.9 

7.83  178.17 

25.  73 

1,809 

Supplemental 

ration. 

EXPERIMENT  NO.46. 

3343 

Whole  milk  

1, 405 

225 

1, 201.  3 
19.  4 

54. 8 

77. 3 

61. 8 

8.71 

108. 04 

16. 86 

1, 208 
1, 819 

3341 

Butter  

2. 7 

196.  7 

.45 

147. 82 

17.  26 

Total  ration 
per  day . . . 

3,380 

2,585.6 

103.0 

302.0 

366.7 

16. 99 

434. 03 

59. 85 

4,836 

EXPERIMENT  NO. 47. 

3344 

Whole  milk  

500 

426.0 

19.5 

25.0 

26.0 

3. 10 

39.30 

6.05 

441 

3340 
3346 

Beef  

25 

15.5 

8.4 

.7 

1.35 

4.88 

.73 

55 

Bread  

200 

85.2 

14.4 

3.2 

95.4 

2.54 

52. 16 

7.36 

524 

3347 

Shredded  wheat.. 

40 

3.2 

4.0 

.5 

31.8 

.70 

16.58 

2.56 

162 

3303 

Graham  crackers . 

100 

2. 7 

8.  9 

10.9 

74.6 

1.56 

45. 37 

6.69 

467 

3305 

25 

1.  0 

1.  0 

1. 4 

20.5 

.26 

10.  72 

1. 66 

108 

3258 

Milk  sugar  

100 

5.1 

94. 9 

40.00 

6.15 

372 

Cane  sugar  

195 

195.0 

82.09 

12.64 

772 

Total  ration 
per  day  

2, 935 

1, 903.  6 

102. 2 

69. 7 

843. 1 

17.34 

469. 27 

4, 710 

EXPERIMENT  N0.48. 

3345 

Whole  milk  

1,405 
225 

1,197.0 

54.8 

67.4 

75.9 

8. 71 

119.42 

16.44 

1,228 

3341 

Butter  

19.4 

2. 7 

196.7 

.45 

147. 82 

17. 26 

1,819 

Total  ration 
per  day ... 

3,380 

2, 581.  3 

103.0 

292.1 

380.8 

16.99 

445.41 

59.43 

4, 856 

Table  42. — Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiments 

Xos.  46-48. 


Lab- 
ora- 
tory 
No. 

Weight. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
dX 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Experiment  No.  IS. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

CaloiHes. 

3350 

Total,  4  davs 

868.1 

724. 0 

44.8 

43.4 

32.1 

7. 17 

75. 53 

10. 68 

858 

Average  per  day. . 

217. 0 

181. 0 

11.2 

10.9 

8.0 

1.79 

18.88 

2. 67 

214 

Experiment  No.  U7. 

3351 

Total,  4  davs  

893.6 

739.0 

66.8 

14.3 

56.3 

10.68 

74. 62 

10. 37 

795 

Average  per  day. . 

223.4 

184.8 

16.7 

3.6 

14.1 

2.67 

18. 65 

2.59 

199 

Experiment  No.  ,'tS. 

3352 

Total  

239.3 

192.6 

12.3 

13.4 

13.2 

1.97 

24.26 

3.52 

280 
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Table  43  gives  a  summary  of  the  quantity,  composition,  and  heat 
of  combustion  of  the  urine  in  experiments  Nos.  46-48.  (Details  in 
Tables  113  and  114  of  Appendix.) 


Table  43. — Amount  and  composition  of  urine,  metabolism  experiments  Nos.  46-48. 


Ex- 
peri- 
ment 

No. 

Date. 

Amount. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 

Water. 

Heat  of 
combus- 
tion. 

46 

47 

48 
46-48 

1901. 

Mav3-4  

4-  5  

5-  6  

6-  7  

Total,  4  davs  

May  7-8  

8-  9  

9-  10  

10-11  

Total,  4  davs  

Mav  11-12  

Grams. 
1, 342.  8 
1,246.1 
1,247.6 
1, 610. 1 

Grams. 
14. 13 
16. 24 
16. 46 
16.  73 

Grams. 
10. 87 
12. 50 
12. 67 
12.87 

Grains. 
3.11 
3.57 
3. 62 
3.68 

Grams. 
1,285.4 
1,182.0 
1, 182. 7 
1,542.1 

Calories. 
152 
133 
157 
134 

5, 446.  6 

63. 56 

48.91 

13. 98 

5, 192. 2 

576 

1,639.3 
1, 586. 3 
1,737.7 
1,  462.  6 

15. 85 
15. 75 
16. 01 
16. 72 

12. 20 
12. 12 
12. 32 
12. 86 

3. 48 
3.46 
3.52 
3.68 

1,574.1 
1,521.8 
1,671.3 
1, 395. 5 

134 
152 
151 
142 

6, 425. 9 

64.33 

49.50 

14. 14 

6, 162. 7 

579 

1,417.9 

17.19 

13.23 

3. 78 

1,349.4 

162 

13,  290. 4 

145. 08 

111.64 

31.90 

12, 704.  3 

1,317 

Table  44  summarizes  the  determinations  of  water  and  carbon  dioxid, 
and  Table  No.  45  gives  the  summary  of  the  amounts  of  heat  given  off 
during  this  series  of  experiments.  (See  Tables  117-122  in  Appendix 
for  details. 


Table  44. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 

experiments  Nos.  46-48. 


(a) 

Carbon  dioxid. 

(/) 

Water. 

Ex- 
peri- 
ment 
No. 

Date. 

Volume  of  air. 

In  incoming  air.  w 

In  outgoing  air.  3 

Correction  for 
amount  remain- 
ing  in  chamber.  ^ 

Amount  exhaled  by  — 
subject,  c+d—b.  "  -2- 

Total  carbon  in  respira- 
tory products,  exT3T. 

In  incoming  air.  § 

In  outgoing  air.  » 

Correction  for 
amount  remain-  3 
ing  in  chamber. 

Total  water  of  res-  ^ 
piration  and  per-  ^ 
spiration,  h+i—g.  w 

1901. 

Liters. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

46 

May  3-4.... 

111,159 

70.8 

1,850.9 

-3.5 

1,776,6 

484.4 

91.5 

1,541.9 

+2,676.1 

4, 126. 5 

4-5.... 

109, 605 

79.3 

1,749.8 

-  .4 

1,670.1 

455. 5 

91.0 

1,533.9 

+2, 373. 9 

3, 816. 8 

5-6.... 

110, 382 

77.0 

1,738.4 

-1.7 

1,  659.  7 

452.6 

89.8 

1, 503. 4 

+2,342.0 

3,  755.  6 

6-7.... 

109, 605 

74.5 

1,718.0 

+1.5 

1, 645. 0 

448.7 

89.1 

1,496.6 

+2, 173. 4 

3,580.9 

Total,  4 
days . . 

440, 751 

301.6 

7, 057. 1 

-4.1 

6, 751. 4 

1, 841.  2 

361.4 

6,075.8 

+9, 565. 4 

15,279.8 

47 

May  7-8  

109, 605 

79.9 

1,890.1 

+2.0 

1,812.2 

494.2 

95.6 

1,488.8 

+2, 390. 1 

3, 783.  3 

8-9.... 

109, 605 

80.6 

1,908.2 

-  .9 

1,826.7 

498.2 

96.9 

1, 500. 7 

+2,315.9 

3, 719.7 

9-10... 

110, 382 

102.4 

1, 942. 1 

-  .6 

1,839.1 

501.6 

104.5 

1,552.0 

+2, 323. 9 

3,771.4 

10-11.. 

111,  159 

102.6 

2, 004. 8 

+1.3 

1,903.5 

519. 1 

109.4 

1, 582. 8 

+2, 550. 6 

4,024.0 

Total,  4 
days . . 

440, 751 

365.5 

7,  745. 2 

+1.8 

7,381.5 

2, 013. 1 

406.4 

6,124.3 

+9, 580. 5 

15,298.4 

48 

May  11-12.. 

109, 605 

80.6 

1,839.5 

-1.0 

1,757.9 

479.4 

104.9 

1,594.0 

+2, 311.4 

3, 800. 5 
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Table  45. — Summary  of  calorimetric  measurement*,  metabolism  experiments  Nos.  46-48. 


Ex- 
peri- 
ment 

No. 

Date. 

(a) 

Heat  car- 
ried away 
by  water 
current. 

(&). 
Correction 
for  tempera- 
ture of  food 
and  dishes 
and  changes 
in  tempera- 
ture of  calori- 
meter. 

(c) 

Heat  ren- 
dered la- 
tent in  ya- 
porization 
of  water. 

{d) 

Total  heat 
deter- 
mined, 
a+b+c. 

(e) 

Heat  equiy- 
alent  of 
external 
muscular 
work. 

46 
47 
48 

1901. 

May  3-4  

5-  6  

6-  7  

May  7-8  

8-  9  

9- 10  

10-  11  

Total,  4  days  

Calories. 
4,738.4 
4, 437. 5 
4, 390. 8 
4, 301. 7 

Calories. 

-  71.6 

-  94.4 

-  69.9 

-  65.6 

Calories. 
860.1 
854.3 
834.6 
834.3 

. 

Calories. 
5, 526. 9 
5. 197. 4 
5, 155. 5 
5, 070.4 

Calories. 
594. 5 
541.3 
53-5. 7 
533. 6 

17,868.4 

-301.5 

3,383.3 

20,950.2)  2,205.1 

4, 455. 5 
4,396.9 
4, 443. 9 
4,565.7 

-  69.0 

-  59. 4 

-  64.6 

-  61.6 

824.7 
830.5 
856.3 
874.0 

5,211.2 
5, 168. 0 
5, 235. 6 
5, 378. 1 

571.  8 
551. 2 
546.5 
578. 8 

17, 862.  0 

-254.6 

3, 385.  5 

20,  992.  9 

2,  248. 3 

May  11-12  

4.426.3 

-  90.0 

881.7 

5,218.0  1  550.0 

Balance  of  income  and  outgo  of  matter  and  energy. — Tables  46-49 
show  the  summarized  values  for  the  income  aud  outgo  of  nitrogen, 
carbon,  hydrogen,  and  energy  as  computed  from  the  details  found  in 
the  preceding  tables  and  in  the  Appendix,  Tables  117-124:. 


Table  46. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Xos.  46-48. 


Nitrogen. 

Carbon. 

(a) 

(&) 

(c) 

(d) 

(e) 

(/) 

(9) 

(h) 

(i) 

Date. 

Gain(  +  ) 

In  res- 

Gain(+) 

In 

In 

In 

or 

In  food. 

In 

In 

piratory 

or  loss 

food. 

feces. 

urine.  * 

loss(-). 

feces. 

urine.  * 

prod- 

(-),«- 

a-(b+c) 

ucts. 

(f+d+h) 

1901. 

Experiment  No.  US. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

May  3-4  

17.0 

1.8 

14.4 

+  .8 

434. 1 

18.8 

11.0 

484.4 

-  80.1 

4^-5  

17.0 

1.8 

16.4 

-1.2 

4:34.0 

18.9 

12.fi 

455. 5 

-  53.0 

5-6  

17.0 

1.8 

16.7 

-1.5 

434.0 

18.9 

12.8 

452.6 

-  50.3 

6-7  

17.0 

1.8 

16.9 

-1.7 

434.0 

18.9 

12.9 

448.7 

-  46.5 

Total  

68.0 

7.2 

64.4 

-3.6 

1,  736. 1 

75.5 

49.3 

1, 841. 2 

-229. 9 

Average,  1  day 

17.0 

1.8 

16.1 

-  .9 

434.0 

18.9 

12.3 

460.3 

—  57.  5 

Experiment  No.  &7. 

May  7-8  

17.3 

2.6 

16.0 

-1.3 

469.2 

18.7 

12.3 

494.2 

-  56.0 

8-9  

17.4 

2.7 

16.0 

-1.3 

469.3 

18.6 

12.2 

498.2 

—  59.7 

9-10  

17.3 

2.7 

16.3 

-1.7 

469. 3 

18.7 

12.4 

501.6 

-  63.4 

10-11   

17.4 

2.7 

16.9 

-2.2 

469.3 

18.6 

13.0 

519.1 

-  81.4 

Total  

69.4 

10.7 

65.2 

-6.5 

1.877.  I 

74.6 

49.9 

2, 013. 1 

-260. 5 

Ayerage,  1  day 

17.4 

2.7 

16.3 

-1.6 

469.3 

18.7 

12.5 

503.3 

-  65.1 

Experiment  No,  U8. 

May  11-12  

17.0 

2.0 

17.4 

-2.4 

445.4 

24.3 

13.3 

479.4 

-  71.6 

*The  perspiration  for  the  9  days  of  experiments  Nos.  46-48  contained  2.0  grams  of  nitrogen,  equiya- 
lent  to  4.3  grams  of  urea,  which  would  contain  0.9  gram  of  carbon.  This  nitrogen  and  carbon  haye 
been  added  to  those  of  urine  here. 
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Table  47. — Income  and  outgo  of  water  and  hydrogen,  metabolism  experiments  Nos.  46-48. 


Water. 


Date. 

(a) 
In  food. 

(b) 
In  drink. 

(c) 
In  feces. 

(«*) 
In  urine. 

(e) 
In  respi- 
ratory 
products. 

(/) 
Apparent 
loss, 
a+b- 
{c+d+e). 

.1901. 

Experiment  No.  U6. 
May  3-4  

4-  5  

5-  6  

6-  7  

Average,  1  day  

Experiment  No.  hi. 

May  7-8  

8-  9  

9-  10 

10-11   

Total  

Average,  1  day  

Experiment  No.  h8. 
Mav  11-12  

Grams. 
2, 585. 6 
2,585.6 
2, 585. 6 
2,585.6 

Grains. 
2, 150 
2, 150 
2, 150 
2, 150 

Grains. 
181.0 
181.0 
181.0 
181.0 

Grams. 
1, 285.  4 
1,182.0 
1,182.7 
1, 542. 1 

Grains. 
4, 126. 5 
3, 816. 8 
3, 755. 6 
3, 580. 9 

Grams. 

-  857.3 

-  444.2 

-  383.7 

-  568.4 

10, 342.  4 

8,600 

724.0 

5, 192. 2 

15, 279. 8 

-2,253.6 

2, 585. 6 

2, 150 

181.0 

1,298.0 

3, 820. 0 

—    563. 4 

1, 903. 6 
1, 903. 6 
1  903.  6 
1, 903. 6 

2,950 
2, 950 
2  950 
2,950 

184.7 
184.8 
184.7 
184.8 

■  1,574.1 
1,521.8 
1,671.3 
1,395.5 

3, 783. 3 
3, 719. 7 
3  771. 4 
4, 024. 0 

-  688. 5 

-  572. 7 
  773  g 

-  750.7 

7,614.4 

11, 800 

739.0  6,162.7 

15, 298. 4 

-2,785.7 

1,903.6 

2, 950 

184.7 

1,540.7 

3, 824. 6 

-  696.4 

2, 581. 3 

2, 150 

192. 6 

1,349.4 

3,800.5 

-  611.2 

Date. 

Hydrogen. 

(9) 
In  food. 

(h) 
In  feces. 

(i) 

In  urine. 

(*) 
Apparent 

gain, 
g-(h+i). 

(I) 

Loss 
from 
water, 
/-9. 

(m) 

Total  gain 
( + )  or  loss 
(-),  k+l. 

1901. 

Experiment  No.  h6. 
May  3-4  

4-  5  

5-  6  

6-  7  

Grams. 
59.8 
59.9 
59.8 
59.9 

Grams. 
2.7 
2.6 
2.7 
2.7 

Grams. 
3.1 
3.6 
3.6 
3.7 

Grams. 
+  54. 0 
+  53.7 
+  53.5 
+  53.5 

Grams. 

-  95.3 

-  49.3 

-  42.6 

-  63.2 

Grams. 
-41.3 
+  4.4 
+10.9 

-  9.7 

Total  

239.4 

10.7 

14.0 

+214.  7 

-250.4  -35.7 

Average,  1  day  

Experiment  No.  hi. 

8-  9  

10-11   

Total  

Experiment  No.  h8. 
Mav  11-12  

59.9 

2.7 

3.5 

+  53.7 

-  62.6 

-  8.9 

69.5 
69.6 
69.6 
69.6 

2.6 
2.6 
2.6 
2.6 

3.5 
3.5 
3.5 
3.7 

+  63.4 
+  63.5 
+  63.5 
+  63.3 

-  76.5 

-  63.6 

-  86.0 

-  83.4 

-13.1 
-  .1 
-22.5 
-20.1 

278.3 

10.4 

14.2 

+253.  7 

-309. 5 

-55.8 

69.6 

2.6 

3.5 

+  63.4 

-  77.4 

-14.0 

59.4 

3.5 

3.8 

+  52.1 

-  67.9 

-15.8 
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Table  48. — Gain  or  loss  of  protein  (XX6.£5),  fat,  and  water,  metabolism  experiments 

Xos.  46-48. 


Date. 

(a) 

Nitrogen 
gained 
(  +  )  or 

lost  (-). 

(6) 

Protein 
gained 
(  +  )  or 
lost  (-), 
ax6.25. 

(e) 

Total 
carbon 
gained 
(  +  )  or 
lost  (-). 

(d) 

Carbon  in 
protein 
gained 
(  +  )  or 

lost  (-), 
6x0.53. 

(*) 
Carbon 
in 

fat,  etc., 
gained 
(  +  )  or 

lost  (-), 
c-d. 

if) 

Fat  gained 

(  +  )  or 
lost  ( — ) , 
C--0.7608. 

1901. 

Experiment  No.  J+6. 

May  3-4  

4-  5  

5-  6  

6-  7  

Total  ..  

Average.  1  dav  

Experiment  No.  U7. 

May  7-8  .  

8-  9  

9- 10.  

10-11  '.  .  

Total...  

Average,  1  dav  

Experiment  No.  iS. 

May  11-12  

Grams. 
+0. 8 
—1.2 
-1.5 
-1.7 

Grams. 
+  5.0 

-  7.5 

-  9.4 
-10.6 

Grams. 

-  80.1 

-  53.0 

-  50.3 

-  46.5 

Grams. 
+  2.7 

-  4.0 

-  5.0 

-  5.6 

Grams. 

-  82.8 

-  49.0 

-  45.3 

-  40.9 

Grams. 
—108. 8 

-  64.4 

-  59.5 

-  53.8 

-3.6 

-22.  5 

-229. 9 

-11.9 

-218. 0 

-286.5 

—  .  9 

—  5.6 

—  3.0 

—  54. 5 

—  71  6 

—1. 3 
-13 
-1.7 
 2. 2 

—  8.1 

-  8.1 
-10.6 
-13.8 

-  56.0 

-  59.7 

-  63.4 

-  81.4 

-  4.3 

-  4.3 

-  5.6 

-  7.  3 

—  21.7 

—  55.4 

—  57.8 

—  74.1 

-  68.0 

-  72.8 

-  76.0 

-  97.4 

-6.5 

-40.6 

-260.  5 

-21.  5 

-239. 0 

-314.  2 

-1.6 

-10.1 

-  65.1 

-  5.4 

—  59.7 

—  78.5 

-2.4 

-15.0 

-  71.6 

-  8.0 

-  63.6 

-  83.6 

Date. 

(9) 
Total 
hydrogen 
gained  (  +  ) 
or  lost  (  — ). 

(h) 
Hydrogen 
in  protein 
gained  ( + ) 
or  lost  (  — ), 
6x0.07. 

(i) 

Hydrogen 

in  fat 
gained  (  +  ) 
or  lost  (— ), 
/x  0.118. 

XT     ,  ■ 

Hydrogen  m 
water,  etc.. 
gained  (  +  ) 
or  lost  (— ), 
g-{h+i). 

(0 
Water 
gained  (  +  ) 
or  lost  (  — ), 
fcx9. 

1901. 

Experiment  No.  !£. 

May  3-4  

4-  5    

5-  6  

6- 7.  

Total  

Average,  1  dav  

Experiment  No.  U~i ' . 

May  7-8....  

8-  9  

9-  10  

lo-ii  

Total  

Average,  1  dav  

Experiment  No.  U8. 
Ma  v  11-12  

Grams. 
-41.3 
+  4.4 
+10.9 
-  9.7 

Grams. 
+0.3 
—  .5 

Grams. 
-12.9 

-  7.6 

-  7.0 
-6.3 

Grams. 
-28.7 
+12.5 
+18.6 
  97 

Grams. 
-258. 3 
+112. 5 
+167. 4 
-  24.3 

-35.7 

-1.6 

-33.8 

-  .3 

-  2.7 

-  8.9 

-  .4 

-  8.4 

-  .1 

-13.1 
-  .1 
-22. 5 
-20.1 

-  .6 

-  .6 

-  .9 

-  8.0 

-  8.6 

-  9.0 
-11.5 

-  4.5 
+  9.1 
-12.8 

-  7.7 

-  40.5 
+  81.9 
-115. 2 

-  69.3 

-55.8 

-2.8 

-37. 1 

-15.  9 

-143.1 

-14.0 

-  .7           -  9.3 

-  4.0 

-  35.8 

—15.8 

-1.0  1         -  9.9 

-« 

—  44.1 
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Table  49. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  46-48. 


Date. 

(a) 

Heat  of 
combus- 
tion of 
food 
eaten. 

(6) 

Heat  of 
combus- 
tion of 
feces. 

(c) 

Heat  of 
combus- 
tion of 
urine. 

(d) 
Esti- 
mated 
heat  of 
combus- 
tion of 
protein 
gained 
(  +  )  or 
lost  (-). 

Esti- 
mated 
heat  of 
combus- 
tion of 

fat 
gained 
(  +  )  or 
lost  (-). 

Esti- 
mated 
energy 
of  mate- 
rial oxi- 
dized 
in  the 
body, 
a—  (b  +  c 
+d+e). 

iff) 

Heat 
deter- 
mined. 

(*) 
Heat 
deter- 
mined 
greater 
(  +  )  or 
less  ( — ) 
than  es- 
timated, 
f-9- 

J** 
Heat 

deter- 
mined 
greater 
(  +  )  or 
less  ( -) 
than  es- 
timated, 
h+f. 

1901. 

Experiment  ^\o.  IS. 
May  3-4  

4-  5  

5-  6  

6-  7  

Total  

Calories. 
4,836 
4,836 
4,836 
4,836 

Calories. 
215 
214 
215 
214 

Calories. 
152 
133 
157 
134 

Calories. 
+  28 

-  42 

-  53 

-  60 

Calories. 
-1,038 

-  615 

-  568 

-  513 

Calories. 
5, 479 
5, 146 
5, 085 
5, 061 

Calories. 
5, 527 
5, 197 
5, 156 
5,070 

Calories. 
+  48 
+  49 
+  71 
+  9 

Per  cent. 
+0.9 
+1.0 
+1.3 

+  .2 

19, 344 

858 

576  i  -127 

-2.  734 

20.  771 

20, 950 

+179 

Avg.,  1  day.. 

Experiment  No.  U7 '. 
May  7-8  

8-  9  

9-  10  

10-  11  

Total  

4,836 

214 

144       -  32 

-    683  5,193 

5,238        4-  45 

+  .8 

4,710 
4,710 
4,710 
4,710 

198 
199 
199 
199 

134 
152 
151 
142 

-46 

-  46 

-  60 

-  78 

-  648 

-  695 

-  725 

-  929 

5, 072 
5,100 
5, 145 
5, 376 

5,211 
5, 168 
5, 236 
5,378 

+  139 
+  68 
+  91 
+  2 

+2.7 
+1.3 
+1.8 
0.0 

18, 840 

795 

579 

-230 

-2, 997 

20, 693 

20, 993 

+300 

Avg.,  1  day.. 

Experiment  No.  1*8. 
May  11-12  

4,710 

199 

145 

-  58 

-  749 

5, 173 

5,248 

+  75 

+1.4 

4,856 

280 

162 

-  85 

-  798 

5, 297 

5,218 

-  79 

—1.5 

METABOLISM  EXPERIMENTS  NOS.  49-51. 

As  originally  planned,  the  series  of  experiments  beginning  with  No. 
49  was  to  be  similar  as  regards  the  diet  and  the  amount  of  work  to 
the  preceding  series,  except  that  the  order  was  to  be  reversed  and  the 
experiments  were  each  to  be  of  three  da}Ts'  duration.  That  is  to  say, 
the  preliminary  period  and  the  first  experiment  of  this  series  (No.  49) 
were  to  be  with  carbohydrates,  the  second  experiment  (No.  50)  with 
fats,  and  the  third  experiment  (No.  51)  with  carbohydrates  again. 
This  plan  was  carried  out  only  so  far  as  the  preliminary  period  and 
the  first  experiment.  A  change  in  diet  was  then  found  necessary,  as 
explained  below. 

The  preliminary  digestion  experiment  began  with  breakfast  on 
March  23,  1902,  and  continued  for  four  daj^s,  as  usual.  The  subject 
entered  the  chamber  on  the  evening  of  March  26  and  retired  at  the 
usual  time.  Experiment  No.  49  began  at  7  a.  m.  on  March  27  and 
lasted  until  7  a.  m.  March  30.  The  diet  during  these  two  periods 
furnished  110.8  grams  of  protein  and  5,499  calories  of  energy,  more 
than  72  per  cent  of  the  energy  being  furnished  by  carbohydrates. 

Experiment  No.  50  was  begun  with  the  fat  diet  as  planned,  but  in 
the  afternoon  of  the  first  day  (March  30)  it  was  found  necessary  to 
change  the  plans  and  to  terminate  this  experiment.  At  2.15  p.  m.,  or 
15  minutes  after  beginning  the  afternoon's  work,  the  subject  telephoned 
that  he  could  not  eat  all  his  dinner,  as  he  had  too  much  butter.  In 
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fact,  the  90  grams  sent  in  for  breakfast  had  been  eaten  in  small  por- 
tions during"  the  morning,  and  it  was  not  all  consumed  until  10.15  a.  m. 
At  noon  he  wanted  the  butter  melted  in  order  to  eat  it,  and  the  quan- 
tity was  so  large  that  he  became  nauseated  and  could  not  eat  either  the 
butter  or  much  of  the  other  food.  He  was  allowed  to  work  until 
3  p.  in.,  when  he  was  told  to  stop,  change  his  underclothing,  and  lie 
down.  He  was  given  about  300  grams  of  hot  beef  tea,  and  it  was 
planned  to  have  him  fast  and  to  make  this  test  rather  longer  than 
usual.  The  rectal  thermometer0  devised  in  connection  with  these 
investigations,  and  which  has  been  found  to  give  a  very  accurate  and 
continuous  record  of  body  temperature,  was  connected  with  the  record- 
ing devices  and  inserted.  After  stopping  work  and  lying  down  the 
subject  complained  of  a  slight  headache,  but  when  he  had  drunk  the 
beef  tea  he  felt  much  better.  At  7  a.  m.  of  April  1,  Avhen  experiment 
No.  51  began,  beef  tea  was  again  offered  the  subject,  but  he  did  not 
want  it  at  that  time.  At  noon,  however,  he  drank  about  270  grams 
and  at  6.30  p.  m.  300  grams.  He  felt  fairly  well,  but  thought  he 
would  feel  better  if  he  sat  up  and  read  or  studied. 

To  avoid  the  introduction  of  proteid  material  a  well-known  brand 
of  extract  of  beef,  which  contains  nitrogenous  extractives,  but  prac- 
tically no  true  proteids,  was  selected  for  making  the  beef  tea.  For 
purposes  of  analyses  two  samples,  each  of  25  centimeters,  of  the 
solution  were  placed  in  Kjeldahl  flasks  to  be  digested  and  then  later 
aliquoted  for  the  determination  of  nitrogen. 

As  a  result  of  this  necessary  change  in  the  diet,  experiment  No.  50 
continued  one  day  only,  beginning  at  7  a.  m.  March  30.  The  work 
was  limited  to  five  hours  with  the  stationary  bicycle.  As  has  been 
stated  before,  the  diet  was  insufficient,  owing  to  the  inability  of  the 
subject  to  eat  the  butter.  The  total  amounts  of  protein  and  energy 
supplied  were  65.2  grams  and  2,601  calories,  respectively. 

Experiment  No.  51,  a  fasting  and  rest  experiment  of  two  days 
duration,  began  at  7  a.  m.  on  March  31  and  continued  until  7  a.  m. 
April  2.  During  this  period  the  subject  had  no  food  or  drink  except- 
ing beef  tea  and  water.  The  former  furnished  nitrogen  correspond- 
ing to  about  2  grams  of  protein  (though  with  very  little  proteids)  and 
10  calories  of  energy  per  day.  He  moved  about  very  little  and 
reclined  on  the  bed  most  of  the  time.  When  the  subject  left  the 
calorimeter  at  7  a.  m..  on  the  morning  of  April  3  he  felt  very  well 
indeed,  though  he  had  been  without  food  not  merely  the  two  da}^s  of 
experiment  No.  51,  but  from  2  p.  m.  March  30  to  7  a.  m.  April  2, 
making  all  told  a  fast  of  66  hours.  On  this  account  the  experiment  is 
of  unusual  interest. 

On  March  30  (during  experiment  No.  50),  at  about  1.30  p.  in.,  the 
upper  section  of  the  inner  thermal  junction  s}Tstem  of  the  calorimeter 
got  out  of  order.  This  had  happened  also  the  previous  night,  sometime 
during  the  period  from  about  6.15  p.  m.  to  1  a.  m.    Rather  than  stop 
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the  experiment  it  was  decided  to  keep  the  top,  lower,  and  bottom  sec- 
tions of  the  thermal  junctions  as  near  zero  as  possible  and  run  the 
risk  of  a  loss  of  heat  through  the  metal  walls  as  regards  the  upper 
section.  During  the  night  this  procedure  obviously  would  not  involve 
much  error,  for  the  lower  elimination  of  heat  inside  the  apparatus 
during  the  resting  and  sleeping  periods  would  not  necessitate,  as  a  rule, 
much  heating  or  cooling  of  the  zinc  wall  to  keep  it  at  the  same  tem- 
perature as  the  copper  wall  and  thus  prevent  any  heaf  from  escaping 
from  the  calorimeter  through  the  walls.  But  happening,  as  it  did  in 
the  second  instance,  in  the  afternoon  and  during  a  work  experiment,  it 
became  a  matter  of  some  importance.  In  about  half  an  hour,  how- 
ever, the  defective  section  of  the  junction  system  began  again  to  give 
correct  readings. 

Statistics  of  income  and  outgo. — The  tables  following,  Nos.  50-52, 
contain  the  data  of  income  and  outgo  of  matter  and  energy  in  this 
series  of  experiments. 

The  tables  following  show  the  amounts,  composition,  and  heat  of 
combustion  of  the  nutrients  used  and  the  amounts  and  heat  of  com- 
bustion of  those  rejected  in  the  feces  during  this  series  of  experiments. 
(See  Appendix,  Tables  109  and  110,  for  analyses.) 

Table  50. —  Weight,  composition,  and  heat  of  combustion  of  foods,  metabolism  experi- 
ments Nos.  49-51. 


Lab- 
ora- 
tory 
No. 


3418 
3424 
3419 
3420 
3421 
3422 
3258 


3418 
3424 
3419 
3420 
3421 

3425 


Food  material. 


Weight 
per  day. 


Experiment  No.  U9. 

Butter  

Milk  

Bread  

Ginger  snaps  

Shredded  wheat. . 
Graham  crackers . 

Milk  sugar  

Sugar  

Cereal  coffee  

Total,  1  day . 
Experiment  No.  50. 

Butter  

Milk  

Bread  

Ginger  snaps  

Shredded  wheat . . 

Sugar  

Cereal  coffee  

Beef  tea  a   . 

Total,  1  day  . 
Experiment  No.  51. 

Beef  tea  

Do  

Total,  1  day . 


Grams. 
20 
1,000 
550 
85 
80 
100 
100 
360 
1,200 


!,  495 


94.6 
925. 0 
220. 0 
60.0 
13.0 
22.8 
400.0 
294.2 


2,  029. 


268.8 
300. 0 


Water. 


Grams. 
1.8 
850. 0 
228. 8 
4.7 
6.4 
3.2 
5.1 


1,191.6 


2, 291. 6 


8.5 
786.3 
91.5 
3.3 
1.0 


397.2 
291.6 


267.2 
297.3 


568.  8      564.  5 


Pro- 
tein. 


Grams. 
.3 
41.0 
47.3 
5.3 
8.4 
7.8 


Fat. 


110.8 


1.8 
37.9 
18.9 
'3.7 

1.4 


2.9 


Grams. 
17.5 
50. 0 
9.9 
5.4 
1.0 
11.6 


82.9 
46.3 
4.0 
3.8 
.2 


Carbo- 
hy- 
drates. 


Grams. 


52.0 
256.  9 
67.0 
62.6 
74.7 
94.9 
360. 0 
7.2 


975. 3 


48.1 
102.7 
47.3 
10.2 
22.8 
2.4 


Nitro- 
gen. 


Grams. 

.04 
6. 50 
8.25 

.92 
1.47 
1.37 


18.  67 


.21 
6. 01 
3.30 
.65 
.24 


Car- 
bon. 


Grams. 
13.01 
80. 90 

143. 83 
36. 23 
32. 69 
44. 90 
40.  00 

151.56 
3.56 


546.  (iS 


61. 52 
74. 83 
57. 53 
25.  57 
5. 31 
9. 60 
1.19 
.71 


236.26 


1.12 


Hydro- 
gen. 


Grams, 
2.08 
12.  00 
21.12 
5.41 
4. 74 
6. 82 
6.15 
23. 33 
.50 


S2.15 


9.84 
11.10 

8.45 

3. 82 
.77 

1.48 
.17 
.15 


35.  78 


Heat  of 
combus- 
tion. 


Calories. 
161 
906 

1,454 
362 
320 
460 
372 

1,426 
38 


5, 499 


763 

838 
581 
256 
52 
90 
13 


a  Used  only  on  last  day  of  experiment. 
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Table  51. — Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiments 

Nos.  49-50. 


Lab- 
ora- 
tory 
No. 

Weight. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 
hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Experiment  No.  h9. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

'  Calories. 

3428 

Feces  for  3  days  . . 

615. 6 

510. 3 

39.2 

12.9 

36.9 

6.27 

49.62 

6.83 

516 

Average,  1  day  . . . 

205.2 

170.1 

13.1 

4.3 

12.3 

2.09 

16.54 

2.28 

172 

Experiment  No.  50. 

3429 

Feces  for  1  day  . . . 

114.8 

92.4 

7.4 

4.2 

6.9 

1.18 

11. 13 

1.63 

128 

The  following  table  gives  the  summarized  determinations  of  amounts, 
composition,  and  heat  of  combustion  of  the  urine.  (See  Appendix, 
Tables  113  and  114,  for  details.) 


Table  52. — Amount  arid  composition  of  urine,  metabolism  experiments  Nos.  49-51. 


Ex- 
peri- 
ment 
No. 


Date. 

Amount. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 

Water. 

Heat  of 
combus- 
tion. 

1902. 

Mar.  27-28   

28-  29  ,  

29-  30   

Mar.  30-31  

Mar.  31-Apr.  1  

Apr.  1-2  

Total,  6  days  

Grams. 
2,018.8 
2,  271.  7 
2,  715.  9 

Grams. 
15. 42 
15. 79 
15. 16 

Grams. 
12. 20 
12.  49 
11.99 

Grams. 
3. 43 
3. 51 
3. 37 

Grams. 
1,  954. 15 
2, 204. 35 
2, 648. 25 

Calories. 
135 
134 
136 

7, 006. 4 

46. 37 

36. 68 

10. 31 

6, 806.  75 

405 

1,681.7 

13. 51 

10. 68 

3. 01 

1, 625.  55 

118 

1,017.4 
778.1 

11.73 
13.  23 

9.  28 
10.46 

2.  61 
2.  94 

971. 12 
727.  98 

97 
107 

1,  795. 5 
10,  483.  6 

24.96 

19.  74 

5. 55 

1,699. 10 

204 

84.84 

67.10 

18.87 

10,131.40 

727 
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Table  53  shows  the  determinations  of  carbon  dioxid  and  water  in 
the  ventilating  air  current,  and  Table  54  the  heat  measured,  as  sum- 
marized from  Tables  117-122  in  the  Appendix. 


Table  53. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 

experiments  Nos.  49-51. 


(a) 

Carbon  dioxid. 

CO 

Water. 

Ex- 
pen- 
ment 

INO. 

Date, 

Volume  of  air. 

In  incoming  air.  ©; 

In  outgoing  air.  g 

Correction  for  ^ 
amount  remain-  a 
ing  in  chamber. 

(«) 
>> 

&  ■ 

< 

H 
p 

< 

Total  carbon  in  respira- 
tory products,  exT3T. 

In  incoming  air.  § 

(h) 
'3 

bo 

'3 

"3 

o 

Correction  for 
amount  remain-  3 
ing  in  chamber.  w 

Total  water  of  res- 
piration  and  per- 
spiration,  h+i—g. 

1902. 

Liters. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

49 

Mar.  27-28  . 

114, 268 

61.5 

2, 013. 2 

+3.8 

1, 955. 5 

533.3 

71.2 

1,316.0 

+2, 269. 2 

3, 514.0 

28-29  . 

113,490 

65.0 

1, 892. 6 

1,826.9 

498.3 

79.9 

1, 264. 2 

+1,875.9 

3, 060. 2 

29-30  . 

110, 382 

58.8 

1,875.6 

+  1.2 

1,818.0 

495.8 

83.4 

1, 233. 3 

+1,881.0 

3, 030. 9 

Total,  3 
days . . 

338, 140 

185.3 

5,781.4 

+  4.3 

5, 600. 4 

1, 527. 4 

234. 5 

3,813.5 

+6,026.1 

9,605.1 

50 

Mar.  30-31  . 

114, 267 

61.9 

] ,  440. 8 

-4.3 

1,374.6 

374.9 

77.9 

1,211.1 

+1,099.0 

2, 232. 2 

51 

Mar.  31- 
Apr.l.... 

114, 267 

61.2 

764.8 

-  .8 

702. 8 

191.7 

67.8 

1, 102. 3 

-  16.5 

1,018.0 

Apr.  1-2.... 

115,044 

60.3 

758.8 

-  .5 

698.0 

190.3 

67.0 

1, 037. 0 

-  74.7 

895.3 

Total,  2 

days . . 

229, 311 

121.5 

1, 523. 6 

-1.3 

1, 400. 8 

382.  C 

134.8 

2, 139. 3 

-  91.2 

1,913.3 

Table  54. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  49-51. 


Ex- 
peri- 
ment 
No. 

Date. 

(a) 

Heat  car- 
ried away 
by  water 
current. 

(&) 

Correction 
for  tempera- 
ture of  food 

and  dishes 
and  changes 
in  tempera- 
ture of  calo- 
rimeter. 

(c) 

Heat  ren- 
dered 
latent  in 
vaporiza- 
tion of 
water. 

(d) 

Total  heat 
deter- 
mined, 
a+b+c. 

(«) 

Heat  equiv- 
alent of 
external 
muscular 
work. 

49 

50 
51 

1902. 

Mar.  27-28   

28-  29   

29-  30   

Calories. 
4, 861. 4 
4,552.8 
4, 498.  8 

Calories. 
-115. 3 
-  89.1 
-102.  8 

Calories. 
748.4 
700.6 
680.6 

Calories. 
5, 494. 5 
5, 164. 3 
5, 076. 6 

Calories. 
559.6 
489.0 
497.4 

13, 913. 0 

-308. 2 

2, 129. 6 

15, 735.4 

1,546.0 

Mar.  30-31  

Mar.  31-Apr.  1  

3, 580. 0 

-115.2 

669.2 

4,134.0 

307.3 

1,731.4 
1,826.8 

+  19.9 
-  50.7 

611.0 
572.1 

2, 362. 3 
2,348.2 

Apr.  1-2  

3, 558. 2 

-  30.8 

1,183.1 

4,710.5 

Balance  of  income  and  outgo  of  matter  and  energy. — Tables  55-58 
contain  the  values  of  income  and  outgo  of  nitrogen,  carbon,  hydrogen, 
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and  energy, a  as  summarized  from  the  preceding  tables.  (See  also 
Appendix,"  Tables  117-124.) 

Table  55. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Nos.  49-51. 


Date. 

Nitrogen . 

Carbon. 

(a) 

In 
food. 

(&) 

In 

feces. 

(<$ 

\n 
urine.* 

'(d) 
Gain(  + ) 

or  loss 
(  — ),  a— 

CM-c). 

(«) 
In  food. 

(/) 

In 

feces. 

(9) 

In 
urine. f 

(h) 

In  re- 
spiratory 
products. 

(*) 

Gam  (+) 
or  loss 

(f+l+ 4). 

1902. 

Experiment  No.  h9. 
Mar.  27-28   

OS  OQ 

Average,  1  day 
Experiment  No.  50. 

Mar.  30-31  

Experiment  No.  51. 

Mar.  31-Apr.  1  

Grams. 
18. 67 
18  67 
18.  67 

Grams. 
2.09 
2  09 
2.09 

Grams. 
16. 08 
16  45 
15. 82 

Grams. 
+  0.50 

+  .76 

Grams. 
546. 68 
546. 68 
546. 68 

Grams. 
16.54 
16.  54 
16.  54 

Grams. 
12.48 
12  77 
12. 27 

Grams. 
533. 30 
498. 26 
495. 81 

Grams. 
-  15.64 
+  19.11 
+  22.06 

56. 01 

6. 27 

48.35 

+  1.39 

1,  640. 04 

49.  62 

37.52 

1, 527. 37 

+  25.53 

18. 67 

2. 09 

16. 12 

+  .46 

546.68  16.54 

12.51 

509.12      +  8.51 

11.07 

1. 18 

13. 92 

-  4.03 

236. 26 

11.13 

10.86 

374. 89 

-160. 62 

11.73 
13. 23 

-11. 73 
-12. 25 

9.28 
10. 46 

191. 66 
190.  36 

-200. 94 
-199.70 

Apr.  1-2  

.98 

1.12 

Total  

.98 

24. 96 

-23. 98 

1.12 

19. 74 

382. 02 

-400. 64 

Average,  1  day 

.49 

12.48 

-11.99 

.56 

9. 87 

191. 01 

-200. 32 

*  Nitrogen  in  the  perspiration  added  to  this  column, 
f  Carbon  in  the  perspiration  added  to  this  column. 

Table  56. — Income  and  outgo  of  water  and  hydrogen,  metabolism  experiments  Nos.  49-51. 


Date. 

Water. 

(a) 
In  food. 

(6) 
In  drink. 

(c) 
In  feces. 

(d) 
In  urine. 

t    {6)  ■ 
In  respir- 
atory 
products. 

(/) 

Apparent 
loss, 
a+b- 

(c+d+e). 

1902. 

Experiment  No.  IS. 
Mar.  27-28  

Grams. 
2, 291.  60 
2, 291.  60 
2, 291. 60 

Grams. 
2, 800. 0 
2, 800.  0 
2, 800. 0 

Grams. 
170.1 
170.1 
170.1 

Grams. 
1,954. 15 
2, 204.35 
2, 648. 25 

Grams. 
3, 513. 98 
3,  060. 22 
3,030. 94 

Grams. 

-  546.63 

-  343.07 

-  757.69 

28-29   

29-30   

Total  

6,874. 80 

8, 400. 0 

510. 3 

6, 806. 75 

9, 605. 14 

-1, 647. 39 

Average,  1  day  

2, 291. 60 

2,800.0 

170.1 

2, 268.  92 

3, 201.  71 

-    549. 13 

Experiment  No.  50. 
Mar.  30-31  

1,579.40 

1,300.0 

92.4 

1, 625. 55 

2, 232. 23 

-1,070.78 

Experiment  No.  51. 
Mar.  31-Apr.  1  

750.0 
250.0 

971. 12 
727. 98 

1,017. 99 
895.29 

-1,239.11 
-  808.77 

Apr.  1-2  

564. 50 

Total  

564. 50 

1,000.0 

1,699. 10 

1,913. 28 

-2, 047. 88 

Average,  1  day  

282. 25 

500.0 

849. 55 

956. 64 

-1,023.94 

aIn  considering  the  income  of  energy  during  fasting,  see  remark  on  glycogen 
consumed,  page  175. 


86 


Table  oft.— Income  and  outgo  of  tvater  and  hydrogen,  etc. — Continued. 


Hydrogen. 


Date. 

{§) 
In  food. 

(A) 
In  feces. 

(0 

In  urine.* 

(*) 
Apparent 

gain, 
g~(h+i). 

(0 

Loss  from 
water, 
/4-9. 

(m) 
Total 
gain(  +  )  or 
loss  (  — ), 
k+l. 

1902. 

Experiment  No.  U9. 

Mpj.  27-28    .... 

28-  29   

29-  30   

Grams. 
82. 15 
82. 15 
82.15 

Grams. 
2. 28 
2.27 
2. 28 

Grams. 
3. 53 
3.61 
3.46 

Grams. 
+  76.34 
+  76.27 
+  76.41 

Grams. 

-  60.74 

-  38.12 

-  84.18 

Grams. 
+  15.60 
+  38.15 
-  7.77 

Total  

246. 45 

6. 83 

10.  60 

+  229. 02 

-183. 04 

+  45.98 

Average,  1  day  

Experiment  No.  50. 
Mar.  30-31  

Experiment  No.  51. 
Mar.  31-Apr.  1  

82. 15 

 — ■ 

2.  28 

3. 53 

4-  76.34 

-  61.01 

+  15.33 

35.  78 

1.63 

3. 07 

+  31.08 

-118. 98 

-  87.90 

2.61 
2.94 

-  2.61 

-  2.71 

-137.68 
-  89.86 

-140.29 
-  92.57 

Apr.  1-2  

.23 

Total  

.23 

5.55 

-  5.32 

-227.54 

-232. 86 

.12 

2. 78 

-  2.66 

-113. 77 

-116.43 

♦Hydrogen  in  perspiration  included  here. 

Table  57. — Gain  or  loss  of  protein  {Ny.6.25),  fat,  and  water,  metabolism  experiments 

Ms.  49-51. 

Date. 

(a) 

Nitrogen 
gained 
(  +  )  or 

lost  (-). 

(6) 
Protein 
gained 
(+)  or 
lost  (-), 
ax  6.25. 

(c) 
Total 
carbon 
gained 
(  +  )  or 
lost  (-). 

(d) 

Carbon  in 
protein 
gained 
(  +  )  or 

lost  (-), 
6x0.53. 

(«) 
Carbon  in 
fat,  etc., 
gained 
(  +  )  or 
lost  (-), 
c-d. 

(/) 

Fat  gained 
(  +  )  or 
lost  (-), 
e-0.7608. 

1902. 

Experiment  No.  U9. 
Mar.  27-28  

28- 29  

29-  30  

Total  

Average,  1  dav  

Experimen  t  No.  50. 
Mar.  30-31  

Experiment  No.  51. 

Mar.  31-Apr.  1  

Apr.  1-2  

Total  

Average,  1  dav  

Grams. 
+  0.50 
+  .13 
+  .76 

Grams. 
+  3.13 
+  .81 
+  4.75 

Grams. 
-  15.64 
+  19.11 
+  22.06 

Grams. 
+  1.66 
+  .43 
+  2.52 

Grams. 
-  17.30 
4-  18.68 
+  19.54 

Grams. 
-  22.74 
+  24.55 
+  25.69 

+  1.39  |  +  8.69 

+  25.53 

+  4.61  |  +  20.92 

+  27.50 

+  .46 

+  2.90 

+  8.51 

+  1.54 

+  6.97 

+  9.17 

-  4.03 

-  25.19 

-160. 62 

-13. 35 

-147.27 

-193. 57 

-11.73 
-12. 25 

-  73.31 

-  76.56 

-200. 94 
-199. 70 

-38. 85 
-40. 58 

-162. 09 
-159. 12 

-213. 05 
-209. 15 

-23. 98 

-149.  87 

-400.  64 

-79.43 

-321. 21 

422. 20 

-11.99 

-  74.94  -200.32 

-160. 60 

-211.10 
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Table  57. — Gain  or  loss  of  protein  fat,  and  water,  etc. — Continued. 


Date. 

(9) 
Total 
hydrogen 
gained  (  +  ) 
or  lost  ( — ) . 

(h) 
Hydrogen 
in.  Tjrotein 
gained  (+) 
or  lost  (  — ), 
6x0.07. 

(i) 

Hydrogen 

in  fat 
gained  (  +  ) 
or  lost  (- ), 

/x  0.118. 

(k) 

Hydrogen  in 
water,  etc., 
gained  (  +  ) 
or  lost  (  — ), 
g-{h+i). 

«> 

Water 
gained  (  +  ) 
or  lost  (  — ), 
jfcx9. 

1902. 

Experiment  No.  !£. 

29-30  

Total  

Average,  1  day  

Experiment  No.  50. 

Experiment  No.  51. 

Mar.31-Apr.l  .'. 

Apr.  1-2  

Total  

Average,  1  dav  

CrrQfllS. 

+  15.60 
+  38.15 

CrVGLTfhS* 

+  0.22 
+  .06 
+  -33 

(jtTCLTYIS, 

-  2.68 
+  2.90 
+  3.03 

+  18.06 
+  35.19 
-  11.13 

Gv  (LITIS 

+    162. 54 
+    316. 71 
-    100. 17 

+  45.98 

+  .61 

+  3.25 

+  42.12 

+  379.08 

+  15.33 

+  .20 

+  1.09 

+  14.04 

+    129. 54 

—  87.90 

-  1.76 

-22.84 

-  63.30 

-    569. 70 

-140.29 

-  5.13 

-  5.36 

-25. 14 
-24. 68 

-110. 02 
-  62.53 

-  990. 18 

-  562. 77 

-232. 86 

-10.49 

-49. 82 

-172. 55 

-1,  552. 95 

-116. 43 

-  5.25 

-24. 91 

-  86.27 

-  776.48 

Table  58. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  49-51. 


Date. 


(a) 


Heat  of 
combus- 
tion oi 
food 
eaten. 


[c] 


(d) 


Estima- 
ted heat 

Heat  of  '.  Heat  of  1  of  eom- 


eonibus-  combus- 


bustion 

tionof  j  tionof  ofpro- 
feces.  !  urine.  ^ 

(  +  )  or 
lost  (-). 


Estima- 
ted heat 
of  com- 
bustion 
of  fat. 
gained 
(  +  )  or 
lost  (-). 


(/) 

Estima- 
ted en- 
ergy of 
material 
oxidized 
in  the 
bodv, 
o—  (b+c 
-Vd+c). 


(9 


Heat 
deter- 
mined. 


(h) 
Heat 
deter- 
mined 
greater 
(+)  or 
less  (— ) 

than 
estima- 
ted, 
(f-9). 


(i) 
Heat 
deter- 
mined 
greater 
(+)  or 
less  (— ) 

than 
estima- 
ted, 
(*■*-/>• 


1902. 

Experiment  No.  &9. 

Mar.  27-28   

28- 29   

29-  30  

Total  

Average,  1  day 

Experiment  No.  50. 

Mar.  30-31  

Experiment  No.  51. 

Mar.  31-Apr.  1  

Apr.  1-2..  

Total  

Average,  1  day 


Calories.  Calories. 


o,  iy9 
5,499 
5,499 


16, 497 


172 
172 
172 


Calories. 
185 
134 
136 


CaloHes. 
+  17 


Calories. 
-  217 
+  234 
+  245 


Calories. 
5,392 
4, 954 
4, 919 


Calories. 
5,494 
5,164 
5, 077 


Calories 
+102 
+210 
+158 


Per  cent. 
+1.9 
+4.2 
+3.2 


516 


405 


262 


15,265  15,735 


+470 


5, 499 


5.  Oss 


97 
107 


-414 
-433 


-423 


4, 344 


-2,033 
-1, 995 


2, 350 
2,334 


4,684 


-2.014 


2,342 


5.  245 


2, 362 
2,348 


2,  355 


+157 


+3.1 


-210 


-4.8 


+  -5 
+  .6 


+  26 


+  13 


+  .( 
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METABOLISM  EXPERIMENTS  NOS.  52-55. 

Experiment  No.  50  of  the  previous  series  was  unsuccessful  because 
the  quantity  of  fat  in  the  ration  was  too  large  for  the  subject  to  dis- 
pose of  in  the  form  in  which  it  was  given  (butter).  Accordingly  some 
changes  were  planned  in  the  present  series.  The  general  plan  for 
experiments  Nos.  52-54:  was  the  same  as  the  original  plan  for  experi- 
ments Nos.  46—48,  except  in  two  particulars.  First,  a  considerable 
part  of  the  fat  in  the  present  instance  was  furnished  by  cream  instead 
of  by  butter,  a  change  which  made  the  ration  entirely  acceptable,  and, 
second,  the  periods  were  of  three  days  each.  The  order  of  the  experi- 
ments of  this  series  was:  No.  52,  work,  fat  diet;  No.  53,  work,  carbo- 
hydrate diet;  No.  54:,  work,  fat  diet,  and  No.  55,  extra  work,  fat  diet. 

The  preliminary  digestion  experiment  began  on  April  17,  1902,  with 
breakfast  and  continued  four  days.  The  subject  entered  the  calorim- 
eter on  the  evening  of  April  20  and  retired  at  11  p.  m.  Metabolism 
experiment  No.  52  ber,  n  at  7  a.  m.,  April  21,  and  continued  three 
days.  The  diet  during  the  preliminary  period  and  experiment  No. 
52  consisted  of  a  basal  ration,  furnishing  about  77  grams  of  protein 
and  2,860  calories  of  energy,  to  which  was  added  enough  cream  to 
make  the  supply  of  nutrients  and  energy  equal  to  the  amounts  desired. 
The  total  protein  varied  on  different  days  from  106.1  grams  to  106.6 
grams  and  the  energy  from  5,4:72  to  5,480  calories,  the  fat  of  the  diet 
furnishing  on  an  average  57  per  cent  of  the  total  energy.  The  slight 
variations  in  the  ration  from  day  to  day  were  due  to  differences  in  the 
composition  of  the  cream,  of  which  a  fresh  supply  was  obtained  and 
analyzed  each  day. 

In  experiment  No.  53,  which  lasted  three  days,  the  diet  was  changed 
to  the  carbohydrate  ration,  largely  hj  omitting  the  cream  and  part  of 
the  butter,  by  increasing  the  amount  of  cereal  foods,  and  by  adding  milk 
sugar  and  cane  sugar.  The  ration  as  thus  altered  furnished  105.1 
grams  of  protein  and  5,478  calories  of  energy  per  day,  73  per  cent  of 
the  total  energy  being  supplied  by  carbohydrates. 

In  experiment  No.  54,  which  was  likewise  of  three  days'  duration,  a 
return  was  made  to  a  fat  diet  similar  to  that  of  experiment  No.  52. 
There  was  a  basal  ration  furnishing  78.7  grams  of  protein  and  2,913 
calories  of  energy,  which  was  supplemented  by  cream,  so  that  the  total 
ration  furnished  from  108.4  to  109.2  grams  of  protein  and  from  5,495 
to  5,523  calories  of  energy  per  day,  fat  furnishing  about  58  per  cent 
of  the  total  energ}7. 

Experiment  No.  55,  which  continued  only  one  day,  was  peculiar  in 
that  the  subject  worked  for  sixteen  hours,  or  twice  as  long  as  usual. 
The  diet  was  practically  the  same  as  on  the  last  day  of  experiment 
No.  54  and  the  programme  was  practically  the  same  up  to  7  p.  m.  It 
was  then  necessarily  modified,  as  at  7.50  p.  m.  the  subject  began  work 
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again  and  between  that  time  and  7  a.  m.  worked  for  eight  hours, 
sleeping  only  from  1  a.  m.  to  1  a.  m. 

Errors  affecting  exjjeriments  JVos.  5*2-55. — The  check  experiments 
made  during  the  spring  of  1902,  in  which  alcohol  was  burned  in  the 
calorimeter,  were  in  man}^  respects  unsatisfactory,  especially  as  regards 
the  excessive  amount  of  water  collected,  and  in  the  last  experiment 
as  regards  the  deficiency  of  carbon  dioxid.  (See  Table  1,  page  37.) 
The  extra  amount  of  water  may  be  explained  to  a  considerable  extent, 
as  has  been  said  on  page  17,  by  the  conditions  pertaining  to  the  valves 
of  the  valve  box  (see  fig.  3).  Although  this  part  of  the  apparatus  was 
newly  constructed  and  considerably  better  than  that  formerly  used  it 
was  not  entirely  satisfactory;  for  the  low  temperature  of  the  brine  tank 
immediately  below  the  valve  box  caused  moisture  to  condense  all  over 
the  latter,  as  the  humidity  of  the  air  about  it  was  very  high.  Moisture 
was  likewise  deposited  on  the  interior  of  the  tube  projecting  from  the 
side  of  the  valve  box,  to  which  the  rubber  connections  to  the  freezer 
cans  were  attached.  Later,  when  the  cans  were  connected,  the  air 
from  the  chamber  passing  through  the  valves  took  up  the  moisture 
that  had  been  condensed  in  them  from  the  air  and  deposited  it  in  the 
freezer  cans,  where  it  was  weighed  with  that  actually  coming  from  the 
chamber.  This  increase  in  the  amount  of  water  seemed  to  be  directly 
proportional  to  the  number  of  hours  which  the  experiment  continued, 
as  is  seen  by  inspection  of  the  results  of  the  individual  runs  of  the 
alcohol  check  experiments.  Consequently  it  was  assumed  that  about 
2  grams  per  hour,  or  48  grams  of  water  per  day,  as  a  rule,  entered  the 
calorimeter  system  in  the  way  mentioned.  That  this  is  not  a  per- 
centage error  but  is  dependent  on  the  time  is  perfectly  evident  from 
the  inspection  of  the  results  of  the  short  periods  of  the  alcohol  check 
experiments,  since  the  values  obtained  in  short  periods  in  which  a  large 
quantity  of  alcohol  was  burned  showed  a  much  closer  agreement  with 
the  theoretical  amounts  than  those  of  long  periods  in  which  a  small 
amount  of  alcohol  was  burned.  In  metabolism  experiments  where 
this  leak  of  water  was  the  only  known  error,  no  correction  was  made 
in  the  tables  for  the  water  leaking  in  through  the  valve  box. 

During  the  last  series  of  experiments  reported  it  was  found  that 
some  part  of  the  Blakeslee  pump  was  leaking;  for  it  was  observed 
that  after  each  sample  of  air  was  thrown  into  the  respective  pans 
there  was  a  decided  drop  in  the  rubber  diaphragm  as  the  valve  was 
closed,  indicating  a  defect  in  the  mechanism.  As  this  could  not  be 
remedied  without  stopping  the  experiment  it  was  decided  to  complete 
the  series  and  to  determine,  if  possible,  by  means  of  the  succeeding 
alcohol  check  experiment,  how  great  this  loss  of  air  was. 

After  very  careful  examination  it  seemed  apparent  that  the  loss  of  air 
was  due  to  a  defect  in  the  aliquoting  apparatus,  in  which  the  opening 
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of  one  valve  and  the  closing  of  another,  instead  of  being  simultaneous, 
as  they  should  be,  were  irregular  and  unsatisfactory.  An  error  aris- 
ing from  such  a  cause  obviously  would  be  a  percentage  error,  and  as 
a  matter  of  fact,  the  subsequent  alcohol  check  experiment  demon- 
strated this  point  very  clearly;  for  it  was  found  that  each  individual 
run  of  the  alcohol  check  experiment  gave  just  about  92  per  cent  of  the 
theoretical  amount  of  carbon  dioxid,  which  was  interpreted  as  show- 
ing that  8  per  cent  of  the  air  sample  was  lost  before  the  valves  closed 
properly.  While  so  large  a  correction  is  undesirable  and  must  of 
necessity  lessen  the  value  of  an  experiment,  it  seemed  advisable  to  con- 
tinue the  investigation,  including  an  experiment  in  which  the  subject 
performed  an  extra  amount  of  work,  and  thus  complete  the  series 
planned  for  the  }^ear.  It  is  believed  that  both  these  corrections,  i.  e., 
that  for  water  and  that  for  carbon  dioxid,  when  applied  give  results 
which  are  in  reality  not  far  from  correct.  Obviously,  an  experiment 
of  as  great  importance  as  that  with  extra  hard  work  must  be  repeated 
and  the  results  compared  with  the  present  one  to  show  whether 
the  corrections  introduced  are  justified. 

The  loss  of  air  just  described  was  first  noticed  earl }^  in  the  afternoon 
of  April  22  (the  second  day  of  experiment  No.  52),  and  the  carbon 
dioxid  determinations  showed  clearly  that  the  leak  began  at  about  1 
p.  m.  of  that  day.  Accordingly,  the  corrections  were  applied  on  the 
metabolism  experiments  of  this  series  from  1  p.  m.  of  the  day  men- 
tioned. The  values  actually  obtained  for  carbon  dioxid  in  outgoing  air 
and  for  the  water  not  condensed  in  the  freezers  were  divided  by  0.92  to 
obtain  the  corrected  values  which  are  published.  The  values  obtained 
for  water  condensed  in  the  freezer  are  diminished  by  5  grams  for  each 
2-hour  period  for  the  same  time,  since  the  succeeding  alcohol  check 
experiment  showed  the  excess  to  be  2.5  grams  per  hour.  With  these 
corrections  a  reasonably  close  balance  of  income  and  outgo  of  energy 
is  obtained  in  all  the  experiments  except  the  final  day  (experiment  No. 
55),  where  the  discrepancy  amounts  to  6.7  per  cent  of  the  total 
energy  metabolized.  This  will  be  referred  to  elsewhere.  (See  page 
189,  under  carbohydrates  and  fats  versus  protein  as  sources  of  energy 
for  muscular  work.) 

Statistics  of  income  and  outgo. — Tables  59-63,  which  follow,  give  the 
data  of  income  and  outgo  of  matter  and  energy  in  these  experiments. 

The  amounts,  composition,  and  heat  of  combustion  of  the  food 
materials  used  for  each  experiment  of  this  series  are  shown  in  Table 
59.  In  Tables  60  and  61  will  be  found  the  composition  and  heats  of 
combustion  of  the  feces  and  urine.  (See  Tables  109-111:,  Appendix, 
for  analyses.) 
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Table  59. — Weight,  comjwsition,  and  heat  of  combustion  of  foods,  metabolism  experi- 
ments Nos.  52-55. 


Food  materials. 


Weight 
per 
day. 


Water. 


Pro- 
tein. 


Carbo- 
Fat.  hy- 
drates. 


Nitro- 
gen. 


Car- 
bon. 


Hydro- 
gen. 


Experiment  No.  52. 

BASAL  RATION. 

Butter  

Ginger  snaps  

Shredded  wheat . . 

Bread  

Whole  milk  

Sugar  

Cereal  coffee  

Total  

SUPPLEMENTAL 
RATION. 

Cream  a  

Total  ration 
1st  day  

Cream  

Total  ration 
2d  day 

Cream  

Total  ration 
3d  day  

Experiment  No.  53. 

Butter  

Bread  

Ginger  snaps  

Shredded  wheat . . 
Graham  crackers. . 

Whole  milk  

Cane  sugar  

Milk  sugar  

Cereal  coffee  . .  

Total  ration 
1  day  

Experiments  Nos.  5k 
and  55. 

BASAL  RATION. 

Butter  

Ginger  snaps  

Shredded  wheat . . 

Bread  

Milk  

Sugar  

Cereal  coffee  

Total  

Experiment  No.  5h. 

SUPPLEMENTAL 
RATION. 

Cream  a  

Total  ration 
1st  day  

Cream  

Total  ration 
2d  day  

Cream  

Total  ration 
3d  day  

Experiment  No.  55. 

Cream  

Beef  tea  

Total  


Grams. 
45 
60 
40 
440 
850 
45 
1,200 


Grams. 
4.1 
3.3 
3.2 
189.6 
727.6 


Grams. 
0.6 
3.7 
4.2 
36.5 
31.5 


Grams. 
39.1 
3.8 
.  5 
6.6 
41.7 


1,191.6 


2, 119. 4 


3,820 


2, 917. 4 


7.0 


29.6 


91.7 


245.1 


Grains. 


47.3 
31.3 
202.8 
42.5 
45.0 
7.2 


Grams. 
0.09 
.65 
.74 
6. 42 
5.10 


.09 


Gi-ams. 
29.42 
25. 57 
16. 34 

113. 65 
64. 60 
18. 95 
3. 46 


Grams. 
4.65 
3.82 
2.37 
16.76 
9.86 
2. 92 
.48 


376.1 


60.4 


13.  09 


4.67 


271. 99 


217.28 


40.  86 


106.6 


784.  0 


29.1 


240. 


5,800 


784.  U 


2,  903. 4 


20 
550 
85 
80 
100 
1,000 
370 
100 
1, 200 


1.8 
228.8 
4.7 
6.4 
3.2 
858,0 


5.1 
1, 191. 6 


505 


45 
60 
40 
440 
850 
45 
1,200 


4.1 

3.3 
3.2 
183.0 
720.0 


2,  680 


761.6 


1,025 


697.0 


705 


2,  802. 2 


714.0 


!,730 


2,819.2 


1,010 


3,990  3,090.2  109.2 


106.1 


332.5 


106.1 


.3 
46.8 
5.3 
8.4 
7.8 
36.0 


17.4 
9.4 
5.4 
1.0 
11.6 
51.0 


105. 1 


95.8 


.6 

3.7 
4.2 
37.4 
32.3 


39.1 
3.8 
.5 
7.5 

49.3 


32. 5 


258.7 


111.2 


358. 


29.7 


108.4 


337.0 


109.2 


342. 


29.3 
1.2 


233.3 


17.76 


489. 27 


74.49 


59.4 


213. 47 


33.04 


435.  5 


17.68  485.46 


73.  90 


435.  5 


17.68 


259.6 
67.0 
62.6 
74.7 
47.0 

370.0 
94.9 
7.2 


.04 

8. 25 
.92 
1.47 
1.37 
5. 80 


5.0 


17. 94 


47.3 
31.3 
207.7 
41.7 
45.0 
7.2 


.09 


13.36 


60.5 


440.7 


18. 51 


435. 


18.  ( 


436.9  18.19 


54.5 


4.65 
.42 


434. 7      18. 43  484 


4. 59    213.  47 


4S5.  46 


13. 08 
146. 30 
36.23 
32. 69 
44.90 
75.30 
155. 77 
40. 00 


2.07 
21.56 
5. 41 
4.74 
6. 82 
11.60 
23. 98 
6.15 
.48 


547. 73 


82. 81 


29. 42 
25.57 
16. 34 
117. 04 
68.  34 
18. 95 
3.  46 


4.65 
3. 82 
2.37 
17. 25 
10.37 
2. 92 
.48 


279.12 


11. 


227. 47 


35.: 


506.  59 


77.25 


208. 18 


32. 


487.30 


74.25 


213.  26 


33. 18 


492. 38 


75. 04 


205. 13 
.48 


31. 92 
.09 


a  Heat  of  combustion  determined  on  daily  sample;  chemical  analyses  made  on  3  or  4  day  composite. 
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Table  60. — Weight,  composition,  and  heat  of  combustion  of  feces,  metabolism  experiments 

•       Nos.  52-55. 


Lab- 
ora- 
tory 
No. 

Weight, 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 

hy- 
drates. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Heat  of 
combus- 
tion. 

Experiment  No.  52. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

3443 

Feces,  3  days  

703.0 

590.5 

29.6 

18.3 

42.9 

4.73 

59.26 

8. 72 

684 

Average,  1  day  

234.3 

196.8 

9.9 

6.1 

14.3 

1.58 

19. 75 

2.91 

228 

Experiment  No.  53. 

3444 

Feces,  3  days  

760.6 

636.6 

43.7 

19.0 

43.4 

6.99 

60.47 

8.  37 

654 

Average,  1  day  

253. 5 

212. 2 

14.6 

6.3 

14.5 

2.33 

20. 16 

2.79 

218 

Exper  iments  Nos.  5U 
and  55. 

3445 

Feces,  4  days  

829. 3 

667.6 

42.4 

28.2 

62.2 

6.  79 

83. 51 

12. 19 

969 

Average,  1  day  

207.3 

166. 9 

10.6 

7.1 

15.6 

1.70 

20. 88 

3. 05 

242 

Table  61. — Amount  and  composition  of  urine,  metabolism  experiments  Nos.  53-55. 


Ex- 
peri- 
ment 
No. 

Date. 

Amount. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 

Water. 

Heat  of 
combus- 
tion. 

52 

53 

54 

55 
52-55 

1902. 

Apr.  21-22  

22-  23  

23-  24  

Total,  3  days  

Apr.  24-25  

25- 26  

26-  27  

Total,  3  days  

Apr.  27-28  

28-  29  

29-  30  

Total,  3  days  

Apr.  30-May  1  

Total,  10  days  

Grams. 
2, 128. 1 
1,408.8 
1, 884. 6 

Grams. 
15. 36 
16.44 
16.16 

Girmis. 
11. 55 
12. 35 
12. 14 

Grams. 
3. 53 
3. 77 
3. 71 

Grams. 
2,060.8 
1,343.9 
1,816.7 

Calories. 
123 
132 
128 

5, 421.5 

47. 96 

36. 04 

11.01 

5, 221.4 

383 

998.6 
1,171.4 
1, 451. 4 

14.19 
14.67 
15. 76 

10.  67 
11.02 
11.85 

3. 26 
3. 37 
3. 62 

944.3 
1,114.2 
1,388.3 

119 
122 
142 

3.621.4 

44.62 

33. 54 

10. 25 

3, 446. 8 

383 

2, 401. 8 
2, 007. 3 
2, 055. 2 

16.25 
16. 95 
16.62 

12. 22 
12. 73 
12. 49 

3.  73 
3. 89 
3.82 

2,329.4 
1,935.8 
1,984.4 

125 
126 
144 

6, 464. 3 

49.82 

37.44 

11.44 

6, 249. 6 

395 

1, 168. 8 

17.37 

13.05 

3.99 

1, 102. 8 

145 

16, 676. 0 

159. 77 

120. 07 

36.69 

16, 020. 6 

1,306 

Tables  62  and  63  summarize  the  figures  for  carbon  dioxid  and  water 
in  the  ventilating*  air  current  and  the  amount  of  heat  measured  by  the 
calorimeter.    (See  Tables  117-122  in  the  Appendix.) 
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Table  62. — Record  of  carbon  dioxid  and  water  in  ventilating  air  current,  metabolism 

experiments  Nos.  52-55. 


(a) 

Carbon  dioxid. 

(/) 

"Water. 

6 
£i 

S 
d 
_s 

'u 

0! 

ft 

Date. 

>lume  of  air. 

(&) 

c 
'3 

be 

a 

o 
o 

■2 

(c) 
'3 

bo 

a 
o 

bo 
O 

(d) 
o.S 

a  g 

o  2  ^ 
»  o.S 

^  d 

(e) 
>. 

1+ 

If 

a  <a 

>tal  carbon  in  respira- 
tory products,  exxV 

(9) 

'3 
bo 
s 

3 

o 

w 

outgoing  air.  g 

Correction  for 
amount  remain-  3 
ing  in  chamber. 

(k) 

<h  u  . 
n  ft  | 
o^  + 

cB  C3  O 
> 

-I2 
5 -5  ft 

X 
ti) 

M 

M 

o 

<j 

- 
m 

1902. 

Liters. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams 

Grams. 

Grams . 

Grams. 

Grams. 

52 

Apr.  21-22.... 

114,267 

69.9 

1,844.3 

+  2.3 

1,776.7 

484.6 

169.2 

1,401.9 

+2,454.8 

3,  687. 5 

22-23  

112, 713 

66.7 

1,  759.  9 

-  1.7 

1, 691. 5 

461.3 

92.9 

1,  332.  6 

+2, 177.  7 

3,417.4 

23-24  

113, 490 

61.6 

1,  764.  3 

-  .8 

1,  701. 9 

464.1 

113.9 

1,347.4 

+2, 299. 2 

3,532.7 

Total  

340, 470 

198.2 

5, 368. 5 

_    m  2 

5, 170. 1 

1,410.0 

376.0 

4, 081. 9 

+6,931.7 

10, 637.  6 

53 

Apr.  24-25.... 

111, 159 

61.8 

1,859.6 

+  2.3 

1, 800. 1 

490.9 

92.5 

1,  279. 2 

+1,948.6 

3, 135. 3 

25-26  

113,490 

63.7 

1,971.5 

+  .8 

1,908.6 

520.5 

94.9 

1,299.7 

+2, 118.  8 

3,323.6 

26-27  

113, 490 

64.1 

2,  007. 2 

0.0 

1, 943. 1 

529. 9 

106.7 

1,312.5 

+2, 169. 0 

3,374.8 

Total  . . . 

338, 139 

189.6 

5, 838.  3 

+  3.1 

5,  651. 8 

1,541.3 

294.1 

3, 891. 4 

+6,236.4 

9, 833. 7 

54 

Apr.  27-28.... 

111,  9?6 

63.0 

1, 821.  5 

+  1.2 

1, 759. 7 

479.9 

120.6 

1, 286. 8 

+2, 131.4 

3, 297.  6 

28-29.... 

111, 158 

67.1 

1, 833. 9 

-  2.6 

1,764.2 

481.1 

151.4 

1, 280. 6 

+2, 309. 0 

3, 438. 2 

29-30.... 

113,490 

68.1 

1,811.7 

+  3.7 

1,747.3 

476.5 

119.6 

1,  356. 2 

+2,213.5 

3, 450. 1 

Total ... 

336, 584 

198.2 

5, 467. 1 

+  2.3 

5,  271. 2 

1, 437. 5 

391.6 

3,923.6 

+6, 653.9 

10, 185.  9 

55 

Apr.  30-May  1 

121, 263 

70.3 

3,044.1 

+99.8 

3, 073. 6      838. 3 

183.0 

1,  665. 8 

+5, 898. 2 

7,381.0 

Table  63. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  52-55. 


Ex- 
peri- 
ment 
No. 

Date. 

(<*) 

Heat  car- 
ried 
away  by 

water 
current. 

(6) 

Correction 

for  tem- 
perature of 
food  and 
dishes  and 

changes 
in  tempera- 
ture of 
calorimeter. 

(c) 

Heat  ren- 
dered 
latent  in 
vaporiza- 
tion of 
water. 

(d) 

Total  heat 
deter- 
mined, 
a+b+c. 

(e) 

Heat  equiv- 
alent of 
external 
muscular 
work. 

52 
53 
54 
55 

1902. 

Apr.  21-22  

22-  23   

23- 24   

Total,  3  davs  

Apr.  24-25   

25-  26   

26-  27   

Total,  3  davs  

Apr.  27-28   

28-  29   

29-  30   

Total,  3  davs  

Apr.  30-May  1  

Calories. 
4,784.5 
4,465.5 
4,504.5 

Calories. 
-  48.1 

-  38.2 

-  33.2 

Calories. 
733.4 
732.3 
731.4 

Calories. 
5,469.8 
5,159.6 
5, 202. 7 

Calories. 
649.1 
585.5 
585.5 

13,  754. 5 

-119.  5 

2,197.1  !  15,832.1 

1, 820. 1 

4,  360.  9 
4,531.6 
4, 652. 5 

-  36.3 

-  44.4 

-  59.1 

704.0 
710.1 
714.5 

5, 028.  6 
5, 197. 3 
5, 307. 9 

576.5 
596.6 
588.9 

13, 545. 0 

-139.8 

2, 128. 6 

15, 533.8 

1, 762. 0 

4,  542. 1 

4, 625. 9 
4, 515. 8 

-  56.4 

-  41.8 

-  34.3 

690.5 
668.8 
734.1 

5, 176. 2 
5,252.9 
5,215.6 

603.8 
589.2 
591.3 

13, 683. 8 

-132. 5 

2, 093.  4 

15,  644. 7 

1,784.3 

8,486.4 

-  58.6 

8S5.9 

9, 313. 7 

1, 481.  7 
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Balance  of  income  and  outgo  of  matter  and  energy. — Tables  64-67 
summarize  the  figures  for  income  and  outgo  of  nitrogen,  carbon, 
hydrogen,  and  energy.  The  values  are  determined  from  data  in  the 
preceding  tables.  Letters  at  the  heads  of  the  columns  show  the  process 
by  which  the  values  in  the  columns  were  derived.  (See  Appendix, 
Tables  117-124.) 

Table  64. — Income  and  outgo  of  nitrogen  and  carbon,  metabolism  experiments  Nos.  52-55. 


Nitrogen.  Carbon. 


Date. 

(«) 

In 
food. 

(6) 

In 

feces. 

(c) 

In 
urine.* 

(d) 
Gain(  +  ) 

or 
loss(  — ), 
a-(b+e). 

(e) 
In  food. 

(/) 

In 

feces. 

(g) 

In 
urine. f 

(h) 

In  respir- 
atory 
products. 

Gain(  +  ) 
or  loss 

(-),  «- 

(f+g+h). 

1902. 

Experiment  No.  ■'>.'.. 
Apr.  21-22  

23-24  

Total  

Average,  1  clay 

Grams. 
17.7 
17.7 
17.7 

Grams. 
1.6 
1.5 
1.6 

Grams. 
15.9 
16.9 
16.6 

Grams. 
+0.2 

Grams. 
489.3 
485.5 
485. 4 

Grams. 
19.8 
19.7 
19.8 

Grams. 
11.8 
12.5 
12.4 

Grams. 
484.6 
461. 3 
464.1 

Grams. 

-  26.9 

-  8.0 

-  10.9 

53.1 

4.7 

49.4  -1.0 

1,463.2 

59.3 

36.7 

1,410.0 

-  45.8 

17.7 

1.6 

16.4 

-  .3 

486.7 

19.8 

12.2 

470.0 

-  15.3 

Experiment  No.  53. 

Apr.  24-25  

25-  26  

26-  27  

17.9 
18.0 
.  17.9 

2.3 
2.4 
2.3 

14.7 
15.2 
16.2 

+  .9 
+  .4 
-  .6 

547.7 
547.7 
547.  7 

20.2 
20.1 
20.2 

10.9 
11.2 
12.1 

490.9 
520. 5 
529.9 

+  25.7 

-  4.1 

-  14.5 

Total  

Average,  1  day 
Experiment  No.  5L. 

Apr.  27-28  

28-  29  

29-  30  

Total  

Average,  1  day 
Experiment  No.  55. 
April  30-Mayl  

53.8 

7.0 

46.1 

+  .7  |  1,643.1 

60.5 

34.2 

1,541.3 

+  7.1 

17.9 

2.3 

15.4 

+  .2 

547.7 

20.2 

11.4 

513.7 

+  2.4 

18.5 
18.1 
18.2 

s 

1.7 

16.7 
17.5 
17.1 

+  .1 
-1.1 

-  .6 

506.6 
487.3 
492.4 

20.9 
20.9 
20.9 

12.5 
12.9 
12.7 

479.9 
481.1 
476. 5 

-  6.7 

-  27.6 

-  17.7 

54.8 

5.1 

51.3  ;  -1.6 

1, 486. 3 

62.7 

38.1 

1,437.5 

-  52.0 

18.3 

1.7 

17.1  !       -  .5 

495.4 

20.9 

12.7 

479.1 

-  17.3 

18.4 

1.7 

18.3 

-1.6 

484.7 

20.9 

13.5 

838.3 

-388.0 

*  Including  nitrogen  in  perspiration.  f  Including  carbon  in  perspiration. 
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Table  65.- — Income  and  outgo  of  viater  and  hydrogen,  metabolism  experiments  Nos.  52-55. 


Water. 

(a) 

(&) 

(c) 

(d) 

(e) 

(/) 

Date. 

In  respir- 

Apparent 

In  food. 

In  drink. 

In  feces. 

In  urine. 

atory 

loss,  a+b— 

products. 

(c+a-\-e). 

1902. 

Experiment  No.  5%. 

Grams. 

Grams. 

rams. 

Grams. 

Grams. 

Grams. 

Apr.  21-22  

2, 917. 4 

1, 950. 0 

196. 8 

2, 060. 8 

o,  Do/.  0 

— 1, 077.  7 

22-23  

2, 903.  4 

1,  950. 0 

196. 9 

1, 343. 9 

3, 417. 4 

—  104.8 

23-24  

2, 903. 4 

1, 950. 0 

196.8 

1,816.7 

3, 532.  7 

-    692. 8 

Total  ..'  .'  

8, 724. 2 

5, 850. 0 

590. 5 

5, 221. 4 

10, 637.  6 

—1,  875.  3 

Average,  1  day  

2,  908. 1 

1  950  0 

196  8 

1  740  5 

3  545  9 

—    6^5  1 

Experiment  No.  58. 

Apr.  24-25........  

2, 299.  6 

1, 950.  0 

3  135  3 

—     42. 2 

25-26  

2,  .199.  b 

1 , 950. 0 

212. 2 

1, 114.  2 

6,  616.  0 

—    400. 4 

26-27  

2, 299.  6 

1, 950. 6 

212. 2 

1, 388. 3 

3,  374.  8 

—    725. 7 

Total  

b,  898.  8 

5, 850. 0 

636.  6 

3, 446.  8 

N. ....  / 

—1, 168.  3 

Average,  1  day  

2, 299.  6 

1, 950. 0 

212. 2 

1.  1  IS  '.) 

3,  277.  9 

—    389. 4 

Experiment  No.  54.' 

Apr.  27-28....  

2,866.8 

1,950.0 

166.9 

2, 329. 4 

3, 297.  6 

-  977.1 

28-29  

2, 802. 2 

1,950.0 

166.9 

1, 935. 8 

3, 438. 2 

-    788. 7 

29-30  

2, 819. 2 

1,950.0 

166.9 

1, 984.  4 

3, 450. 1 

-    832. 2 

Total  

8,488.2 

5, 850. 0 

500.7 

6, 249. 6 

10, 185.  9 

-2, 598. 0 

2, 829. 4 

1,950.0 

166.9 

2, 083. 2 

:;,  395. 3 

-  866.0 

Experiment  No.  55. 

Apr.  30-May  1  

3,090.2 

2, 850.  0 

166.9 

1, 102. 8 

7, 381. 0 

-2,710.5 

Hydrogen. 

Date. 

(g) 

(h) 

(i) 

(*) 

(I) 

(m) 

Apparent 

Loss  from 

Total  gain 

In  food. 

In  feces. 

In  urine.* 

gain,  g- 

water, 

( + )  or  loss 

(h+i). 

(-),•*+*. 

1902. 

Experiment  No.  52. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Apr.  21-22  

74.5 

2.9 

3.6 

+  68.0 

-119. 8 

-51.8 

22-23  ■.. 

73.9 

2.9 

3.8 

+  67.2 

-  11.6 

+  55.6 

23-24  

73.9 

2.9 

3.8 

+  67.2 

-  77.0 

-  9.8 

Total  

222.3 

8.7 

11.2 

+  202.4 

-208. 4 

-  6.0 

Average,  1  day  

74.1 

2.9 

3.7 

+  67.5 

-  69.5 

-  2.0 

Experiment  No.  53. 

Apr.  24-25  

82.8 

2.8 

3.4 

+  76.6 

-  4.7 

+  71.9 

25-26  

82.8 

2.8 

3.4 

+  76.6 

-  44.5 

+  32.1 

26-27  

82.8 

2.8 

3.7 

+  76.3 

-  80.6 

-  4.3 

Total  

248.4 

8.4 

10.5 

+229.  5 

-129.8 

+  99.7 

Average,  1  dav  

82.8 

2.8 

3.5 

+  76.5 

-  43.3 

+  33.2 

Experiment  No.  5k. 

Apr.  27-28  

77.2 

3.1 

3.8 

+  70.3 

-108.6 

-  38.3 

28-29  

74.3 

3.0 

4.0 

+  67.3 

-  87.6 

-  20.3 

29-30 

75.0 

3.1 

3.9 

+  68.0 

—  92.5 

-  24.5 

Total  

226. 5 

9.2 

11.7 

+205. 6 

-288. 7 

-  83.1 

Average,  1  day  

75.5 

3.1 

3.9 

+  68.5 

-  96.2 

=^2777 

Experiment  No.  55. 

Apr.  30-May  1  

73.9 

3.0 

'  4.1 

+  66.8 

-301. 2 

-234.4 

*  Hydrogen  from  perspiration  added  to  this  column. 
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Table  66. — Gain  or  loss  of  protein  {Ny.6.25),  fat,  and  water, 

Nos.  52-55. 


metabolism  experiments 


Date. 

(a) 

Nitrogen 
gained 
(  +  )  or 

lost  (-). 

(6) 
Protein 
gained 
■  (  +  )  or 
lost  (-), 
(i  X  6  25 

(c) 
Total 
carbon 
gained 
(  +  )  or 
lost  (  ) 

(d) 

Carbon  in 
protein 
gained 
(  +  )  or 

lost  (-), 
bx0.53. 

(c) 
Carbon  in 
fat,  etc., 
gained 
(  +  )  or 
lost  (-), 
c-d. 

(/) 

Fat  gained 
(  +  )  or  lost 

(-), 
e-4-0.7608. 

1902. 

Experiment  No.  52. 

23-24  

Total  

Grams. 
+0.2 

—  .  5 

Grams. 
+  1.2 

-  4.4 

-  3.1 

Grains. 

-  26.9 

-  8.0 

-  10.9 

Grams. 
+0.7 
-2.3 
-1.7 

Grams. 

-  27.6 

-  5.7 

-  9.2 

Grams. 

-  36.3 

-  7.5 

-  12.1 

— 1. 0 

—  6. 3 

—  45. 8 

—3. 3 

—  42. 5 

—  55. 9 

  _  3 

_  2  1 

  3 

 2  ^ 

  14  2 

—  ic.  o 

Experiment  No.  53. 

25-  26  

26-  27  

Total  

+  .9 
+  .4 
-  .6 

+  5.6 
+  2.5 
-  3.7 

+  25.7 

-  4.1 

-  14.5 

+3.0 
+1.3 
-2.0 

+  22.7 

-  5.4 

-  12.5 

+  29.8 

-  7.1 

-  16.4 

4-  7 

+  44 

-r  /.X 

_i_2  3 

+     4. 8 

-f-     I),  o 

Average,  1  day  

Experiment  No.  5i. 
Apr.  27-28  

29-30  

Average,  1  day  

Experiment  No.  55. 
Apr.  30-May  1  

_I_  0 
+  •  6 

-r  l.  o 

+    2. 4 

+  •  o 

+       1.  O 

+    2. 1 

+  .1 

—  1.  1 

-  .6 

+  .6 

—  6.9 

-  3.7 

-  6.7 

-  27.  6 

-  17.7 

+  .3 
—3. 6 
-2.0 

-  7.0 

-  24.0 

-  15.7 

-  9.2 

-  31.6 

-  20.6 

-1.6 

-10.0 

-  52.0 

-5.3 

-  46.7 

-  61.4 

-  .5 

-  3.3 

-  17.3 

-1.8 

-  15.5 

-  20.5 

-1.6 

-10.0 

-388. 0 

-5.3 

-382. 7 

-503. 1 

Date. 


(g)  jh) 

Total  I  Hydrogen 
hydrogen 


gained  ( + 
-or  lost  (  — ). 


in  protein 
gained  (+) 
or  lost  (  — ), 
&X0.07. 


(i) 

Hydrogen 

in  fat 
gained  ( + ) 
or  lost  (  — ), 

/x  0.118. 


(ft) 

Hydrogen  in 
water,  etc., 
gained  (  +  ) 
or  lost  (— ), 
9-{h+i). 


(I) 
Water 
gained  (  +  ) 
or  lost  (  — ), 
fcx9. 


1902. 

Experiment  No.  52. 
Apr.  21-22  

22-  23  

23-  24  

Total  

Average,  1  day  

Experiment  No.  53. 
Apr.  24-25  

25-  26  

26-  27  

Total  

Average,  1  day  

Experiment  No.  5k 
Apr.  27-28  

28-  29  

29-  30  

Total  

Average,  1  day  

Experiment  No.  55, 
Apr.  30-May  1  


Grams. 

-  51.8 
+  55.6 

-  9.8 


Grams. 
+0.1 

-  .3 

-  .2 


Grams. 

-  4.3 

-  .9 
-1.4 


Grams. 

-  47.6 
+  56.8 

-  8.2 


Grams. 

-  428. 4 
+    511. 2 

-  73.8 


6.0 


6.6 


+  1.0 


+ 


9.0 


2.0 


3.0 


71.9 

32.1 
4.3 


-  .3 


L.9 


68.0 
32.8 
2.1 


612.0 
295.2 
18.9 


99.7 


+  .7 


+  98.7 


+ 


+  .2 


+  32.! 


+  296.1 


20.3 
24.5 


-  83.1 


27.7 


+  .1 

-  .5 

-  .3 


1.1 
3.7 
2.4 


37.3 
16.1 
21.8 


335.7 
144.9 
196.2 


.7 


7.2 


75.2 


676.; 


25.1 


225.  i 


■1,568.7 
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Table  67. — Income  and  outgo  of  energy,  metabolism  experiments  Nos.  52-55. 


Date. 

(a) 

Heat  of 
combus- 
tion 
of  food 
eaten. 

(&) 

Heat  of 
combus- 
tion of 
feces. 

(c) 

Heat  of 
combus- 
tion of 
urine. 

(d) 
Estimat- 

prl  V»  pa  f 
Cvl  ilea  v 

of  com- 
bustion 
of  pro- 
tein 
gained 
(  +  )  or 
lost  (-). 

(«) 
Estimat- 
ed heat 
of  com- 
bustion 
of  fat 
gained 
(  +  )  or 
lost  (-). 

(/) 
Estimat- 

ergy  of 
material 
oxidized 

in  the 

body, 
a—  (b+c 

+d+e). 

(9) 

Heat 
deter- 
mined. 

(h) 
Heat 

mined 
greater 

(  +  )  or 
less  (-) 
than  es- 
timated, 

f-9- 

(i) 
Heat 

mined 
greater 

(+)  or 
less  ( — ) 
than  es- 
timated, 
h+f. 

1902. 

Experiment  No.  52. 

Apr.  21-22  

22-  23  

23-  24  

Total  

Average,  1 
day  

Experiment  No.  53. 

Apr.  24-25  

25-  26  

26- 27  

Total  

Calories. 
5, 475 
5,472 
5,480 

Calories. 
228 
228 
228 

Calories. 
123 
132 
128 

Calories. 
+  7 
-24 
-18 

Calories. 

-  346 

-  72 

-  115 

Calories. 
5,463 
5,208 
5,257 

Calories. 
5, 470 
5, 159 
5, 203 

Calories. 
+  7 

-  49 

-  54 

Per  cent. 
-0.1 
-  .9 
-1.0 

16, 427 

684 

383 

-35 

-  533 

15, 928 

15, 832 

-  96 

5, 476 

228 

128 

— 12 

—  177 

5, 309 

5, 277 

—  32 

—  .  6 

5,478 
5,478 
5,478 

218 
218 
218 

119 
122 
142 

+32 
+14 
-21 

+  284 

-  68 

-  156 

4, 825 
5, 192 
5, 295 

5, 029 
5, 197 
5, 308 

+204 

+  5 
+  13 

+4.2 
+  .1 
+  .2 

16, 434 

654 

383 

+25 

+  60 

15,  312 

15, 534 

+222 

Average,  1 
day  

Experiment  No.  5U. 

Apr.  27-28  

28-  29  

29-  30  

Total  

5, 478 

218 

128 

+  8 

+  20 

5, 104 

5, 178 

+  74 

+1. 4 

5,521 
5,495 
5,523 

242 
242 
242 

125 
126 
144 

+  3 
-39 
-21 

-  88 

-  301 

-  197 

5,239 
5,467 
5,355 

5, 176 
5, 253 
5,216 

-  63 
-214 
-139 

-1.2 
-3.9 
-2.6 

16, 539 

726 

395 

-57 

-  586 

16, 061 

15,  645 

-416 

Average,  1 
dav  

Experiment  No.  55. 

Apr.30-Mayl  

5,513 

242 

132 

-19 

-  196 

5,354 

5, 215 

-139 

-2.6 

5,514 

243 

145 

-56 

-4, 799 

9,981 

9,314 

-667 

-6.7 

SUMMARY  OF  PLAN  AND  RESULTS  OF  THE  EXPERIMENTS. 

METABOLISM  EXPERIMENTS  NOS.  1-55,  WITH  CORRESPONDING 
DIGESTION  AND  TEST  EXPERIMENTS. 

Between  February,  1896,  and  May,  1902,  inclusive,  55  experiments, 
covering',  all  told,  I7li  days,  were  made  with  the  respiration  calorim- 
eter. This  includes  the  21  experiments  (Nos.  35-55)  reported  in  the 
present  bulletin.  The  discussion  in  the  following  pages  is  based  on 
the  experiments  as  a  whole,  those  here  reported  being  discussed  by 
themselves  only  so  far  as  is  necessary  for  a  clear  understanding  of 
them,  or  where  the  results  of  these  particular  experiments  afford  the 
best  illustration  of  some  of  the  topics  discussed.  A  chronological  list 
of  all  the  experiments  is  given  on  page  101. 

Subjects. — Five  different  men  served  as  subjects  of  the  experiments. 
E.  O.  was  a  Swede  by  birth,  and  has  received  his  training  in  labora- 
tory work  in  connection  with  the  respiration  calorimeter  and  related 
6000— No.  136—03  7 
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investigations.  He  is  now  employed  as  analyst  and  laboratory  assistant. 
The  others  were  university-bred  men  and  were  natives  of  the  United 
States,  except  J.  F.  S.vwho  was  a  Canadian.  O.  F.  T.  and  J.  F.  8. 
were  chemists,  and  A.  W.  S.  was  a  physicist.  All  three  were  assistants 
in  this  laboratoiy.  J.  C.  W.  at  the  time  of  the  experiments  was  a 
student  in  Wesley  an  University.  All  were  in  excellent  health.  The 
ages  and  physical  measurements  of  the  subjects  are  shown  in  the 
tabular  statement  herewith,  the  figures  for  body  surface  being  com- 
puted from  those  for  body  weight  b}r  use  of  the  formula  of  Meeh,a 
S  =  12.312  X  v'W,  when  S  —  surface  of  the  skin  in  square  centimeters 
and  W  the  weight  of  the  bod}T  in  grams. 

Table  68. — Age,  weight,  and  body  measurements  of  subjects  of  metabolism  experiments 

Nos.  1-55. 


Subject. 

Age. 

Weight. 

Height. 

Normal  chest 
measure. 

Body  surface. 

Square 

Years. 

Pounds. 

Kilo. 

Ft.  in. 

Meters. 

Inches. 

Cm. 

Sq.feet. 

meters. 

E.0  .:  

31-34 

154 

70 

5  8 

1.73 

37.0 

94.1 

22. 50 

2.09 

0.  F.  T  

24 

132 

60 

5  6i 

1.68 

36.4 

92.5 

20. 34 

1.89 

22-25 

154 

70 

5  9 

1.76 

35.8 

90.0 

22.  50 

2. 09 

29 

143 

65 

5  7i 

1.71 

32.9 

83.0 

21.42 

1.99 

J.CW  

21-23 

168 

76 

5  10 

1.78 

37.0 

94.1 

23. 79 

2. 21 

Respiration  experiments. — In  the  first  four  experiments  the  food, 
drink,  feces,  urine,  and  respiratory  products  were  weighed,  measured, 
and  analyzed,  but  there  were  no  determinations  of  the  heat  given  off 
from  the  body  nor  of  the  heat  equivalents  of  external  muscular 
work.5  Accordingly  they  are  here  designated,  for  convenience,  as 
''respiration  experiments."  They  were  made  with  three  different 
subjects,  E.  O.,  O.  F.  T.,  and  A.  W.  S.,  and  covered  21i  days;  but  they 
may,  for  convenience,  be  divided  into  eight  separate  tests,  in  six  of 
which  (covering  15i  days)  the  subjects  were  at  rest,  in  one  (covering 
3  days)  the  subject  was  engaged  in  active  muscular  work,  and  in 
another  (also  covering  3  days)  he  was  engaged  in  active  mental  work. 

Metabolism  experiments. — The  remaining  experiments,  Nos.  5-55, 
included  measurements  of  energy  in  addition  to  the  other  determina- 
tions, and  are  here  called  "metabolism  experiments"  for  convenience. 
Of  the  30  experiments  from  Nos.  5  to  34,  inclusive,  19  have  been  reported 
in  former  publications  of  this  Office, c  and  11  have  been  reported  else- 
where/z  as  they  belong  to  another  investigation.    The  remaining  21 

«Ztschr.  Biol.,  15  (1879),  p.  440.  See  also  Vierordt,  Daten  und  Tabellen,  1893, 
p.  36. 

&  TT.  8.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  44  and  Bui.  109,  p.  121. 

cU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  63,  69,  and  109. 

d  An  experimental  inquiry  regarding  the  nutritive  value  of  alcohol,  W.  0.  Atwater 
and  F.  G.  Benedict,  Mem.  Nat.  Acad.  Sci.,  8  (1902),  VI  (U.  S.  Senate  Doc.  No.  233, 
57th  Cong.,  1st  sess.),  p.  231. 
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experiments,  Nos.  35-55,  inclusive,  covering-  57  days,  are  described  in 
the  present  report.  The  total  number  of  experiments  with  measure- 
ments of  income  and  outgo  of  energy  in  the  body  is  thus  51,  and  the 
time  covered  by  them  is  150  days. 

Rest  and  work  experiments. — The  metabolism  experiments  are 
divided  into  two  classes:  (1)  Those  in  which  the  subjects  were  practically 
at  rest,  i.  e. ,  had  no  more  exercise  than  was  involved  in  dressing  and 
undressing,  and  care  of  furniture,  food,  and  excreta;  and  (2)  those  in 
which  they  were  engaged  in  more  or  less  severe  muscular  work. 

The  larger  number  of  rest  experiments  were  made  with  E.  O.,  and 
J.  C.  W.  was  the  subject  of  the  larger  number  of  work  experiments. 
Of  the  26  rest  experiments,  covering  72  days,  several  were  with  special 
diets,  and  1,  covering  a  total  of  5  days,  were  with  the  subject  J.  C.  W. 
fasting. 

The  25  work  experiments,  covering  a  total  of  78  days,  were  all  made 
with  special  diets;  9,  covering  32  days,  with  a  diet  furnishing  an  abun- 
dance of  carbohydrates;  13,  covering  36  days,  with  a  diet  furnishing  an 
abundance  of  fat,  and  3,  covering  10  days,  with  alcohol  as  the  special 
feature,  the  latter,  as  previously  noted,  being  made  in  connection  with 
another  investigation. 

Digestion  experiments. — Each  metabolism  experiment  or  series  of 
metabolism  experiments  from  Nos.  5  to  55,  inclusive,  was  immediately 
preceded  by  and  continuous  with  an  experiment  during  which  the 
subject  had  practicalh-  the  same  ration  and  followed  as  nearly  as  pos- 
sible the  same  routine  as  was  observed  during  the  metabolism  experi- 
ment proper,  when  he  was  to  be  in  the  respiration  chamber  of  the 
calorimeter.  The  main  object  of  the  preliminary  period  was  to  accus- 
tom him  to  the  regimen  and  bring  his  body  into  approximate  nitrogen 
and  carbon  equilibrium  before  the  metabolism  experiment  proper 
began;  but  the  opportunity  was  utilized  to  make  a  so-called  prelim- 
inary digestion  experiment.  This  was  easily  done  by  separating  the 
feces  belonging  to  the  preliminary  period  from  that  of  the  following 
metabolism  experiment  and  analyzing  both  food  and  feces  of  the  pre- 
liminary period  in  the  usual  manner.  As  the  food  and  feces  of  the 
metabolism  experiments  were  necessarily  analyzed,  the  periods  within 
the  respiration  chamber  also  include  digestion  experiments.  We  thus 
have  for  each  metabolism  experiment,  or  series  of  experiments,  two 
digestion  experiments,  in  one  of  which  the  subject  lived  under  ordi- 
nary conditions,  while  during  the  other  he  was  in  the  respiration 
chamber. 

The  preliminary  digestion  experiments,  with  metabolism  experi- 
ments Nos.  5-55,  were  24  in  number  and  covered  98  days,  each  being 
generally  of  4  days'  duration.  Twelve,  with  a  total  of  51  days,  were 
made  with  E.  O. ;  1,  of  1  days,  was  with  A.  W.  S. ;  4,  covering  16  days, 
were  with  J.  F.  S.,  and  7,  covering  27  days,  with  J.  C.  W. 
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In  respiration  experiments  Nos.  1-4  the  arrangement  for  digestion 
experiments  was  different.  Although  each  of  these  four  experiments 
was  preceded  by  a  period  during  which  the  subject  had  a  diet  similar 
to  that  of  the  respiration  experiment,  a  separation  of  feces  corre- 
sponding to  the  two  periods  was  not  made;  but  the  feces  of  the  total 
time  of  both  the  preliminary  period  and  that  of  the  experiment  within 
the  chamber  were  compared  with  the  food  for  the  same  time,  thus 
making  a  single  digestion  experiment  for  the  entire  period  in  each 
case. 

Check  experiments. — The  accurac}7  of  the  apparatus  and  method  was 
frequently  tested.  The  most  common  test  was  made  by  burning  known 
quantities  of  etlryl  alcohol  in  the  respiration  chamber  and  comparing 
the  amounts  of  carbon  dioxid,  water,  and  heat  measured  by  the 
apparatus  with  the  theoretical  amounts.  Such  tests  are  here  called 
"alcohol  check'1  experiments.  In  the  other  electricity  was  trans- 
formed into  heat  in  the  respiration  chamber.  These  are  called  "elec- 
trical check"  experiments. 

List  of  the  experiments. — A  chronological  list  of  the  experiments 
is  given  herewith.  This  shows  the  classification,  dates,  and  order  of 
sequence  of  the  preliminary  digestion,  metabolism,  and  alcohol  check 
experiments,  and  gives  the  laboratory  number  b}r  which  each  is  desig- 
nated in  this  and  other  reports,  the  experiments  being  grouped  in 
series  for  convenience  of  discussion.  In  the  case  of  the  earlier  exper- 
iments (Nos.  1-14)  the  grouping  is  somewhat  arbitrary.  Thus  the 
four  respiration  experiments  are  classed  as  series  1,  while  others  are 
subdivided  according  to  experimental  season,  as  series  2  and  3,  or 
questions  studied,  as  series  4.  The  experiments  following  No.  14  were 
planned  in  series.  Each  of  the  latter  series,  Nos.  5-18,  made  in 
1899-1902,  includes  a  preliminary  digestion  experiment  and  several 
closely  related  metabolism  experiments,  and  most  of  them  one  or  more 
check  experiments. 
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Table  69. — Chronological  list  of  metabolism  experiments  Nos.  1-55,  with  corresponding 
preliminary  digestion  experiments  and  intervening  check  experiments. 


Date. 


Check 
exper- 
iment 
No. 


Diges- 
tion 
exper- 
iment 
No. « 


Me- 
tabol- 
ism 
exper- 
iment 
No. 


«**  3SS: 


Work 

or 
rest. 


Special  charac- 
teristics of 
ration. 


In  food  per  day. 


Total 
protein, 
Nx  6.25. 


Metabolism  (respi- 
ration) ■  experi- 
ments vrithout  ca- 
lorimetric  meas- 
urements.b 

series  1,  1896. 


Feb. 


Mar. 


15-  17. 
17-19. 

24-  26. 
26-28. 
13-16. 

16-  21. 
19-23. 
23-25. 

25-  28. 


28-31  

31-Apr.3. 


3-  4. 


Apr. 

Metabolism  experi- 
ments with  calori- 
metric  measure- 
ments. 

series  2,  1897. 


Apr.    27-29 c  .... 

26-May4d 
May  4-8  

10-11  

14-18  o  1 

18-22 d   

26-27  

June     4-  &e  

.  8-12d  


SERIES  3,  1897 


Oct. 
Nov. 


Dec. 
Jan. 


Feb. 


27-28.. 
2-  3.. 
4-  8c 
8-12d 

2  

6  

6-10  c 

10-  14 d 
24-27. . 

11-  15  e 


40m 


41p 
42m 


45p 
46m 


Days. 


E.  O  .... 
...do... 
...do... 
...do... 
O.  F.T.. 
...do  — 
A.  W.  S  .1 
...do... 
... do... 

...do...' 
...do... 

...do... 


Rest.... 
....do... 

.do... 
....do... 
....do... 
.do... 
4f  ....do... 
If  ....  do  — 
3  Mental 
work. 
Rest .... 
Musc'r 
work. 
If  Rest 


Ordinary 
....do  ... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do  ... 
....do  ... 


.do 
.do 


.do, 


E.  O  . 
....do 


Rest . 
....do 


Ordinary 
....do  .... 


....  E.  O  .. 
6  ....do. 


E.  O  .. 
....do. 


E.  O  . 
....do 


E.  O.... 
....do... 


Work...  Ordinary 
 do   do  ... 


Rest   Special 

 do  do  . 


Grams. 


Rest . 
...do 


Carbohydrate 
 do  


Rest.... 
....do... 


Carbohydrate 
 do  


116.0  1  2,706 
119.6  !  2,717 


Rest   Special 


!,  699 


 I      47p  I   E.  O  . 

a  The  digestion  experiments  which  preceded  the  metabolism  experiments  are  designated  by  "p," 
and  those  which  were  parts  of  the  metabolism  experiments  by'-m."  In  series  1  the  two  were  not 
separated. 

&U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  44. 

c Connecticut  (Storrs)  Station  Rpt.  1901,  p.  178. 

dJJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  69. 

eMem.  Nat.  Acad.  Sci.,  8  (1902),  VI  (U.  S.  Senate  Doc.  No.  233,  57th  Cong.,  1  sess.),  p.  231. 
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Table  69. — Chronological  list  of  metabolism  experiments  Nos.  1-55,  etc. — Continued. 


Date. 

Check 
exper- 
iment 
No. 

Diges- 
tion 
exper- 
iment 
No. 

Me- 
tabol- 
ism 
exper- 
iment 
No. 

Subject, 

Dura- 
tion. 

Work 
or 

rest. 

Special  charac- 
teristics of 
ration. 

In  food  per  day. 

Total 
protein, 
Nx6.25. 

Avail- 
able 
ener- 
gy. 

Metabolism  experi- 
ments ivith  calori- 
metric  measure- 
ments—Cont'd. 

SijjrClJjja  o,  ±oy/— yo — 
continued. 

Feb.    15-19  a 

48m 
49p 
50m 
51p 
52m 

10 

E.  O.... 
do... 

Days. 

4 
4 
4 
4 
4 

Rest .... 
Work . . . 
....do 

Special  

Grams. 

123.5 
121.0 
124.1 
120.0 
120. 6 

Calo- 
ries. 

2,709 

3,860 

3,862 

3,953 

3, 891 

Mar.    18-22  b 

Carbohydrate 
 do  

22-26  o  

11 

....do... 
do... 

Apr.      8-12  d 

....do... 
....do 

Special  

12-16 d  

12 

....do  ... 

 do  

May  9  

9 
10 

QT'PTT'Q    i      1  one 

Nov      3—  4 

4-  8  b  

76p 
77m 

13 

E.  O  .... 
....do... 

4 

3 

Rest .... 
....do 

Carbohydrate 
 do  

115.5 
117.1 

2,622 
2,596 

8-11  c 

15-16  

11 
12 

Dec.  13-14  

16-20  b  

78p 
79m 

80p 
81m 
81m 
81m 

82p 
82m 
82m 
82m 
82m 

14 

E.  O  .... 
....do... 

E.  O  

 do  ... 

 do  . .. 

....do... 

A.  W.  S.. 

 do  ... 

 do  . .. 

....do... 
....do... 

3 
4 

4 

2 
2 

4 

2 
2 
2 
3 

Rest .... 
....do 

Carbohydrate 
 do  

91.7 
94.4 

102. 0 
108.9 
108. 9 
108.9 

96.9 
96.9 
96.9 
96.9 
96.9 

2, 449 
2, 513 

2,  638 
2, 653 
2, 653 
2, 653 

2, 776 
2, 776 
2,776 
2,776 
2,264 

20-24  c  

series  5,  1899. 
Jan.     12-16  d  

Rest  .... 
....do 

Special  

16-18 d   

■15 
16 
17 

 do  

18-20''  

....do 

 do  

20-22 d   

....do 

 do  

SERIES  6,  1899. 
Feb.      2-  6^  

Rest .... 
....do 

Special  

6-  8d  

18 
19 
20 

,  21 

 do  

8-10  d  

....do 

 do  

10-12 d 

....do 

 do  

12-15  c 

....do  ... 

Ordinary   

24-25 

13 

SERIES  7,  1899. 
Mar.     9-13  d  

83p 
84m 
84m 
85m 

E.  O  .  

....do... 
....do... 
....do... 

3 

3 
3 

Rest .... 
....do 

Special  

121.0 
123. 2 
123.6 
123.6 

2,647 
3,044 
2,546 
3,061 

13-16  d  

22 
23 
24 

 do  

16-19  e  

....do... 
....do. .. 

Ordinary   

19-22  o   

Carbohydrate 

29-31  

14 
15 
16 

Dec.  13-14  

19-21  

SERIES  8, 1900. 
Jan.  19-23  6  

147p 
148m 

149p 
150m 
151m 
152m 

4 
3 

4 
3 
3 

Rest .... 
....do 

Carbohydrate 
 do  

106.2 
110.8 

96.8 
99.6 

98.6 

2,897 
2,896 

2,517 
2,490 
2,491 
2,489 

23-26  e  \ 

25 

26 
27 
28 

....do... 

J.F.S... 
....do... 

fin 

SERIES  9, 1900. 
Feb.  10-14?»  

Rest .... 
....do 

Fat  

14-17  c  

 do  

17-20  c  

....do  ... 
....do... 

Special  

20-23  o  

....do...l  3 

Carbohydrate 

«TT.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  69. 

&  Connecticut  (Storrs)  Station  Rpt.  1901,  p.  178. 

t'U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  109. 

dMem.  Nat.  Acad.  Sci.,  8  (1902),  VI  (U.  S.  Senate  Doc.  No.  233,  57th  Cong.,  1  sess.),  p.  231. 
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Table  69. — Chronological  list  of  metabolism  experiments  Xos.  1-55,  etc. — Continued. 


Date. 

Check 
exper- 
iment 
No. 

Diges- 
tion 
exper- 
iment 
No. 

Me- 
tabol- 
ism 
exper- 
iment 
No. 

Subject. 

Dura-  W°f 
tion-|  rest. 

1 

Special  charac- 
teristics of 
ration. 

In  food  per  day. 

Total 
protein, 
Nx6.25. 

Avail- 
able 

ener- 
gy- 

JHetabolism  experi- 
ments with  calori- 
metric  measure- 
ments— Cont'd. 

SEEIES  10, 19G0. 

Alar  12-16 a 

153p 
154m 
loom 
156m 

29 
30 
31 

J.F.S... 
....do... 
....do... 
....do... 

Days. 
4 

Work . . . 

Carbohydrate 
.....do  

Grams. 
96.0 

Calo- 
ries. 

3,405 

3,487 

3,458 

3,495 

16-19  b  ....  

3 

....do 

100.1 

19-92  c 

3 
3 

 do  ... 

....do... 

Special  

99.2 
100.9 

22-95  b 

Fat  

SERIES  11, 1900. 

Apr.  6-7  

16-20 a 

157p 
158m 
159m 
160m 

  J.F.S...!  4 

Work... 
....do 

Fat  

96.0 
100.5 
99.7 
99.7 

3,495 
3, 487 
3,486 
3,493 

20-23  b  

32  ....do... 

33  ....do... 

34  '....do... 

3 
3 
3 

 do  

23-^6  c 

....do... 
....do... 

Special 

26-29  b  

Carbohydrate 

SERIES  12, 1900. 
Dee.  4-6  

18 

5-  9a........ 

189p 
190m 

 i  J.C.W.. 

35   do... 

36   do  ... 

4 
4 
1 

Rest.... 
....do 

Carbohydrate 

94.0 
97.7 

1,  751 
2,519 

9-13  d  

13-14 d   

....do... 

Fasting  

14-15  

19 

SERIES  13, 1901. 

Jan.  8-11  a  ; . . . 

192p 
193m 
194m 

37 
38 
39 

J.C.W.. 
....do... 
....do... 
....do... 

3 
4 
4 

.  1 

Work . . . 
....do 

Carbohydrate 
 do  

92.0 
100.4 
102.6 

2,921 
3, 715 
3,708 

ll-15d  

15-19d  

....do... 
Rest .... 

.Fat  

19-20 d   

Fasting  

DJui&iifis  -14,  xyui. 
Feb. 22-23  

20 

22-26  a  

195p 
196m 
197m 

40 
41 
42 

J.C.W.. 
....do... 
....do... 
....do... 

4 
4 
4 
1 

Work . . . 
....do 

Carbohydrate 
 do  

mi  k 

1U1.  0 

101.7 
102.6 

4,  355 
4,505 
4, 539 

26-Mar.2rf 

Mar.  2-  6rf  

....do  ... 
Rest .... 

Fat  

6^-  7d ------- 

Fasting  

7-8  ..... 

21 
22 

SERIES  lo,  1902. 

Mar.  22-23   

25-29  a  

198p 
199m 
200m 
201m 

202p 
203m 
204m 
205m 

43 
44 
45 

46 
47 
48 

J.C.  W.. 
....do... 
....do... 
....do... 

J.  aw.. 

....do... 
....do... 
....do  ... 

4 
4 
4 
1 

4 
4 
4 
1 

Work . . . 
.—do 

Fat  „ 

96.0 
104.0 
104  4 
105. 3 

102.0 
103.0 
102.2 
103.0 

4,258 
4,867 
4  932 
4,860 

4,832 
4,836 
4,  710 
4.856 

29-Apr.  2  d 

 do  

Apr.  2-  6d  

....do... 
....do  ... 

Work . . . 
....do 

Carbohydrate 
Fat  

6-  Id  

SERIES  16,  1901. 
Apr.  29-May  3« 

Fat  

May     3-  Id  

 do  

7-11  d 

....do... 
....do... 

Carbohydrate 
Fat  

11-12 d 

a  Connecticut  (Storrs)  Station  Rpt.  1901,  p.  178. 

b  JJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  109. 

cMem.  Nat.  Acad.  Sci.,  S  (1902),  VI  (U.  S.  Senate  Doc.  No.  233,  57th  Cong.,  1  sess.),  p.  231 
d  The  present  bulletin. 
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Table  69. — Chronological  list  of  metabolism  experiments  Nos.  1-55,  etc. — Continued. 


Date. 

Check 
exper- 
iment 
No. 

Diges- 
tion 
exper- 
iment 
No. 

Me- 
tabol- 
ism 
exper- 
iment 
No. 

Subject. 

Dura- 
tion. 

Work 

or 
rest. 

Special  charac- 
teristics of 
ration. 

In  food  per  day. 

Total 
protein, 

IN  X  O.ZO. 

Avail- 
able 
ener- 
gy. 

Metabolism  experi- 
ments with  calori- 
metric   meet  su  re- 
ments — Cont'd. 

Mar.  5-8  

23 
24 

25 

Days. 

Grams. 

Calo- 
ries. 

12-14  





18-20  

23-27a 

302p 
303m 
304m 

49 
50 
51 

J.  C.  W. . 

 do  ... 

 do  ... 

....do... 

4 
3 
1 

Work . . . 
....do 

Carbohydrate 
 do  

104.2 
110.8 
65.2 

5, 374 
5,499 
2,  601 

27-30 b 

30-31 b 

....do... 
Rest .... 

Fat  

31-Apr.  2  6 

Apr.  11-12  

26 

17-21  a 

305p 
306m 
307m 
308m 
308m 

52 
53 
54 
55 

J.  C.W.. 
....do... 
....do... 
....do... 
....do... 

4 

3 
3 
3 
1 

Work . . . 
....do 

Fat  

99.3 
106.3 
105.1 
109.6 
109.2 

5, 032 
5, 476 
5,478 
5, 513 
5, 514 

21-24 b 

 do  

24-27  b   

....do... 
....do... 
....do 

Carbohydrate 
Fat  

27-30  b 

30-May  1  b 

 do  

May  1-2  

"Connecticut  (Storrs)  Station  Rpt.  1901,  p.  178. 
kThe  present  bulletin. 


DISCUSSION  OF  RESULTS. 

The  experiments  with  J.  C.  W.,  reported  in  the  present  bulletin, 
and  those  with  other  subjects  previously  recorded,  and  here  summa- 
rized, afford  material  for  the  discussion  of  questions  connected  with 
the  fundamental  laws  of  nutrition  and  related  topics.  Many  of  these 
are  treated  of  in  the  following-  pages,  including,  in  addition  to  dis- 
cussions of  the  character  and  composition  of  the  food  materials  used, 
the  digestibility  of  the  nutrients  supplied,  the  availability  of  their 
energy,  and  a  summary  of  the  data  of  income  and  outgo  of  the  indi- 
vidual experiments;  a  discussion  of  the  demands  of  the  body  for 
nourishment  and  dietary  standards;  the  elimination  of  carbon  dioxid, 
water,  and  heat,  including  both  total  quantities  and  quantities  per 
kilogram  of  body  weight  and  per  square  meter  of  bod}7  surface;  body 
temperature  and  temperature  measurements;  heat  production  versus 
heat  elimination;  estimates  of  the  amounts  of  oxygen  consumed; 
respiratory  and  carbon  dioxid  thermal  quotients ;  carboh}Tdrates  (gly- 
cogen) in  the  body;  the  amounts  of  energy  derived  from  different 
nutrients;  fats  versus  carbohydrates  as  protectors  of  body  material, 
especially  protein  and  body  fat;  fats  versus  carbohydrates  as  sources 
of  energy  for  muscular  work;  carbohydrates  and  fat  versus  protein  as 
sources  of  energy  for  muscular  work;  the  efficiency  of  the  body  as  a 
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machine,  and  the  conservation  of  energy  in  the  body.  In  nearly  every 
case  these  topics  are  subdivided  into  several  questions,  or  are  treated 
from  different  points  of  view.  In  most  cases  the  discussion  has  been 
confined,  to  the  results  brought  out  by  the  experiments  with  the  respi- 
ration calorimeter,  and  it  is  to  be  particularly  observed  that  the  pres- 
ent report  is  confined  almost  exclusively  to  a  statement  of  results 
obtained  in  our  own  experiments.  The  details  are  so  extensive  as  to 
forbid  the  including  of  an  adequate  comparison  of  these  experiments 
with  others. 

KINDS,  AMOUNTS,  AND  COMPOSITION  OF  FOOD  MATERIALS. 

Table  109  of  the  Appendix  gives  the  percentage  composition  of  the 
food  materials  used  during  the  metabolism  experiments  herein  reported, 
and  the  kinds  and  amounts  used  in  each  experiment  are  shown  in  the 
tables  for  each  series  where  the  menus  and  rations  are  described. 
Similar  data  for  experiments  Nos.  1-34  may  be  found  in  earlier  pub- 
lications.   (See  Table  69,  page  101,  for  references.) 

In  general,  it  may  be  said  that  except  in  the  fasting  experiments 
the  diet  was  made  up  of  ordinary  food  materials  of  good  quality,  and 
with  as  much  variety  as  was  consistent  with  convenience  in  prepara- 
tion and  accuracy  in  sampling  and  analyzing.  For  the  sake  of  greater 
accuracy,  the  number  of  different  materials  used  was  somewhat  less  in 
the  later  than  in  the  earlier  experiments.  The  quantities  of  nutrients 
in  the  diet  were  in  general  such  as  to  maintain  the  body  nearly  in 
nitrogen  and  carbon  equilibrium  under  the  conditions  of  the  experi- 
ment. In  a  few  cases,  however,  in  which  the  muscular  work  was 
considerable,  the  diet  was  not  quite  sufficient  for  body  maintenance, 
and  there  was  consequently  more  or  less  draft  upon  the  store  of  body 
material.  The  purpose  of  the  preliminary  digestion  period  being  to 
accustom  the  subject  to  the  diet  and  to  determine  whether  under  the 
conditions  of  the  experiment  nitrogen  equilibrium  could  be  maintained 
on  the  ration  provided,  any  change  found  necessary  or  desirable  was 
made  during  this  period.  This  will  explain  the  slight  discrepancies 
seen  in  some  of  the  tables  between  the  quantities  of  food  in  the  pre- 
liminary period  and  in  the  calorimeter  period. 

DIGESTIBILITY  OF  FOOD  AND  AVAILABILITY  OF  ENERGY. 

In  order  to  secure  data  for  a  balance  of  income  and  outgo,  it  is 
necessary  to  determine  the  ingredients  of  the  feces,  thus  affording 
means  for  estimating  the  digestibility  of  the  food.  Accordingly,  in 
these  experiments  the  digestibility  of  the  different  nutrients  was 
found  by  the  usual  method  of  comparing  the  quantity  of  each  in  the 
original  food  material  with  the  quantity  of  the  corresponding  ingredi- 
ent in  the  intestinal  excreta.  In  the  case  of  the  energy,  that  of  the 
unoxidized  material  of  the  urine  was  also  taken  into  account.  The 
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results  of  the  digestion  experiments  which  pertain  to  and  form  part 
of  these  metabolism  experiments  have  been  reported  elsewhere  in 
detail,0  and  are  summarized  in  the  present  bulletin. 

In  considering  such  experiments  it  is  a  common  practice  to  regard 
the  solid  excreta  as  representing  the  indigestible  portion  of  the  food 
only.  This,  however,  is  not  quite  accurate,  because  the  feces  include, 
besides  the  undigested  residues  of  the  food,  some  residues  of  digestive 
juices  and  other  materials,  so  that  the  amounts  of  protein,  ether 
extract,  carbohydrates,  and  ash  determined  in  the  feces  are  larger 
than  in  the  portion  of  the  food  which  escapes  digestion,  and  the  pro- 
portions of  digestible  nutrients,  when  calculated  as  the  difference 
between  total  food  and  total  feces,  are  thus  made  too  small.  On  the 
other  hand,  the  total  material  of  the  feces  does  represent  that  which 
was  not  utilized  by  the  body  for  the  two  chief  purposes  of  nutrition — 
the  building  of  tissue  and  the  yielding  of  energy. 

It  is  believed  that  the  digestive  powers  of  the  three  young  men  who 
served  as  subjects  in  the  50  digestion  experiments  here  summarized 
were  unimpaired.  The  individual  experiments  were  generally  3  or  1 
days  in  length,  though  a  few  covered  1  day  only,  while  one  con- 
tinued 8  da}rs.  Eighteen  of  the  experiments  were  carried  on  while 
the  subjects  were  outside  the  calorimeter,  and  32  formed  part  of  the 
metabolism  experiments  with  the  subjects  in  the  respiration  chamber. 
The  external  muscular  work  performed  by  the  subjects  ranged  in  dif- 
ferent experiments  from  an  amount  so  small  that  it  may  be  neglected 
to  16  hours'  hard  work  a  day  in  one  of  the  work  experiments,  though 
in  the  majority  of  these  experiments  the  period  of  work  covered  only 
8  hours.  The  diet  was  simple,  and  contained  a  number  of  common 
food  materials,  both  animal  and  vegetable.  In  18  of  the  studies  the 
quantities  of  the  different  nutrients  were  about  the  same  as  in  an 
ordinary  ration.  In  IT  experiments  the  diet  contained  large  quanti- 
ties of  fat,  and  in  14  large  quantities  of  carbohydrates,  though  the 
energy  in  these  cases  was  not  greater  than  was  required  to  satisfy  the 
needs  of  the  body  under  the  conditions  of  the  experiments. 

The  results  as  regards  the  digestibility  of  the  nutrients  and  the 
availability  of  energy  in  the  different  preliminary  and  metabolism 
experiments  are  summarized  in  the  following  table,  the  experiments 
being  grouped  in  accordance  with  the  conditions  just  described. 


«  Connecticut  (Storrs)  Station  Ept.  1901,  p.  179. 
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Table  70. — Summary  of  results  of  digestion  experiments. a 


Diges- 

Metab- 

Coemcents  of  digestibility. 

tion 

experi- 

experi- 

Subject  and  character  of  experiment. 

Pro- 

Carbo- 

Ash. 

Availa- 

ment 

ment 

tein. 

Fat. 

hy- 

bility  of 

No. 

drates. 

energy. 

Preliminary  period. 

REST  EXPERIMENTS. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

37 

5 

E.  0  

92. 6 

94.0 

98. 0 

75. 2 : 

90. 0 

43 

8 

 do  

91.0 

94.4 

97.4 

73.1 

89.9 

45 

.....do  

90.8 

92.1 

95.8 

73.0 

88.5 

76 

13 

.....do......  

96.8 

96.3 

98.9 

86.5 

93.1 

78 

14 

 do  

92. 0 

93. 4 

98. 5 

79. 1 

91. 1 

Average  of  above  5  experiments  

92.  6 

94. 0 

97.  7 

77. 4 

90. 5 

147 

25 

93.9 

96.8 

97.7 

69.8 

91.7 

149 

26 

J.  F.  S.,  fat  diet  

88.6 

94.1 

95.7 

AAA 

87.5 

Average  of  above  2  experiments  

91.3 

95.4 

96.7 

57.1 

89.6 

189 

35 

J.  C.  W  

93.1 

96.4 

98.4 

77.6 

87.4 

Average  of  above  8  rest  experiments. 

92.4 

94.7 

97.6 

72.3 

89.9 

WORK  EXPERIMENTS. 

39 

6 

E.  O  

89.9 

95.3 

97.6 

72.6 

91.2 

49 

11 

90.3 

93.2 

97.8 

74.4 

91.4 

Average  of  above  2  experiments  

90.1 

94.2 

97.7 

73.5 

91.3 

153 

29 

J.  F.  S.,  carbohydrate  diet  

94.  3 

96.  4 

98.  7 

76. 3 

93. 2 

157 

32 

J.  F.  S.,  fat  diet  

90. 4 

95.  7 

96. 8 

69. 9 

91. 0 

Average  of  above  2  experiments 

92. 3 

96. 1 

97. 8 

73. 1 

92. 1 

192 

37 

J.  C.  W.,  carbohydrate  diet  

90. 6 

96.  6 

98. 6 

80. 0 

90. 7 

195 

40 

 do....  

86.7 

£3.5 

98.0 

71.1 

91.8 

198 

43 

J.  C.  W„  fat  diet  

87.3 

96.6 

96.0 

62.5 

91.7 

202 

46 

 do  

87.5 

95.3 

97.8 

69.9 

92.1 

S02 

49 

J.  C.  W.,  carbohydrate  diet  

85.1 

94.5 

93.7 

72.4 

93.8 

305 

52 

J.  C.  W.,  fat  diet  

91.7 

98.0 

97.2 

72.3 

93.7 

Average  of  above  6  experiments 

88.2 

95.8 

96.9 

71.4 

92.3 

Average  of  above  10  work  experiments 

89.4 

95.5 


97.2 

72.1 

92.1 

Average  of  18  experiments,  prelimi- 

- 

- 



nary  period  

90.7 

95.1 

97.4 

72.2 

91.1 

Calorimeter  period. 

REST  EXPERIMENTS. 

38 

5 

E.  O  

91.2 

93.9 

97.7 

75.3 

89.8 

44 

8 

 do  

93. 9 

95. 6 

98. 2 

78.  7 

90. 7 

46 

9 

 do  

93. 4 

93. 9 

96. 5 

78. 9 

89. 3 

77 

13 

 do  

93  9 

93  2 

98. 1 

76  4 

90. 2 

79 

14 

 do.....  

94.4 

95.5 

86.2 

91.1 

84 

23 

 do  

94.3 

94.7 

97.8 

70.0 

90.0 

85 

24 

E.  O.,  carbohydrate  diet  

93.3 

93.7 

98.5 

74.0 

91.8 

Average  of  above  7  experiments  

93.5 

94.4 

98.0 

77.1 

90.4 

148 

25 

J.  F.  S.,  fat  diet  

94.  4 

97.. 4 

97.  4 

71. 4 

91. 1 

150 

26 

do 

92.8 

97.2 

97.3 

66.0 

90.6 

152 

28 

J.  F.  S.,  carbohydrate  diet  

92.0 

90.1 

98.6 

69.0 

90.4 

Average  of  above  3  experiments  

93.1 

94.9 

97.8 

68.8 

90.7 

190 

35 

J.  C.  W.  

92.1 

95.3 

97.8 

69.4 

90.3 

Average  of  above  11  rest  experiments. 

93.2 

94.6 

97.9 

74.1 

90.5 

a  The  digestion  experiments  connected  with  metabolism  experiments  Nos.  7, 10, 12, 15-23,  and  27  are 
not  included  here,  as  they  belong  to  a  study  of  a  special  diet,  as  explained  elsewhere. 
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Table  70. — Summary  of  results  of  digestion  experiments — Continued. 


Metab- 
olism 

experi- 
ment 
No. 


Subject  and  character  of  experiment. 


Coefficents  of  digestibility. 


Pro- 
tein. 


Carbo- 
d  rates. 


Availa- 
bility of 
energy. 


Calorimeter  period — Continued. 

WORK  EXPERIMENTS. 


40 
41 

43 
44 
45 
46 
47 
48 
49 
50 
52 
53 
54-55 


E.  O  .. 
 do 


Per  ct. 
91.8 
88.4 


Per  ct. 
96.9 
93.0 


Per  ct. 
98.3 
97.5 


Per  ct. 
79.8 
71.8 


Per  ct. 
92.8 
90.9 


Average  of  above  2  experiments 

J.  F.  S.,  carbohydrate  diet  

J.  F.  S.,  fat  diet  

...do  

J.  F.  S.,  carbohydrate  diet  

Average  of  above  4  experiments. 

J.  C.  W.,  carbohydrate  diet  

J.  C.  W.,  fat  diet  

J.  C.  W.,  carbohydrate  diet  

J.  C.  W.,  fat  diet  

...do  

J.  C.  W.,  carbohydrate  diet  

J.  C.  W.,  fat  diet  

...do  

J.  C.  W.,  carbohydrate  diet  

J.  C.  W.,  fat  diet  

J.  C.  W.,  carbohydrate  diet  

J.  C.  W  . 

J.  C.  W.,  fat  diet  

J.  C.  W.,  carbohydrate  diet  

J.  C.  W..  fat  diet  


94.  9 


97.  9 


75.8 


91. 


94.5 
94.8 
92.5 
92.4 


97.2 
98.3 
97.1 
95.0 


80.0 
80.4 
73.2 
68.6 


93.5 
93.7 
92.5 
92.8 


9*;.  9 


9S.  2 


Average  of  above  15  experiments  

Average  of  above  21  work  experiments 

Average  of  32  experiments  in  calo- 
rimeter period  


Average  of  50  experiments  in  pre- 
liminary and  calorimeter  periods . . 


90.1 
92.7 
87.0 
91.2 
87.8 
84.5 
86.7 
89.1 
83.6 
88.2 
88.3 
89.2 
90.6 
86.0 
90.4 


94.2 
96.7 
91.7 
96.1 
97.4 
94.0 
97.2 
96.4 
95.0 
95.6 
95. 5 
97.1 
98.2 
93.4 
98.0 


98.8 
97.4 
98.5 
96.8 
96.8 
98.  6 
96.2 
97.8 
98.3 
96.6 
98.7 
97.0 
96.7 
98.5 
96.5 


88.4 


95.8 


97.5 


95. 5       97. 8 


90.8 


95. 3       97.  6 


75. 6 


93.1 


69.4 
67.5 
70.3 
67.1 
69.6 
72.5 
68.2 
70.5 
67.8 
61.9 
72.3 
71.4 
64.6 
68.8 
62.8 


93.0 
91.7 
92.8 
91.4 
92.3 
93.3 
91.7 
92.6 
92.7 
90.9 
94.4 
90.5 
93.5 
93.7 
93.2 


68.  3 


92.5 
92T6 


91.6 


Generally  speaking,  the  nutrients  in  these  rations  made  up  of  ordi- 
nary food  materials  were  quite  thoroughly  digested,  the  coefficient  of 
digestibility  of  protein  ranging  in  the  different  experiments  from  83.6 
to  96.8  per  cent,  and  being  on  an  average  for  all  the  experiments  90.8 
per  cent;  that  of  fat  ranging  from  90.1  to  98.2  per  cent  and  averaging 
95.3  per  cent;  that  of  carbohydrates  ranging  from  93.7  to  98.9  per 
cent  and  averaging  97.6  per  cent,  and  that  of  ash  ranging  from  14.1 
to  80.1  per  cent  and  averaging  71.9  per  cent.  In  the  case  of  energy 
the  availability  ranged  from  88.5  to  91.1  per  cent  and  averaged  91.6 
per  cent. 

Some  interesting  deductions  regarding  the  effect  of  different  con- 
ditions, such  as  individuality,  muscular  activity,  etc.,  upon  the  diges- 
tibility of  food,  may  be  drawn  from  the  results  of  these  experiments. 
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Individuality  of  subject  and  digestibility  of  food. — With  each  sub- 
ject the  range  of  variation  in  the  results  of  similar  experiments  is 
much  wider  than  the  differences  between  the  averages  of  similar 
experiments  with  different  subjects,  and  no  effect  of  individuality - 
upon  the  digestibility  of  the  nutrients  of  the  diet  is  evident. 

Effect  of  confinement  within  the  calorimeter  upon  digestibility  of 
food. — The  averages  of  the  results  of  experiments  within  the  calorim- 
eter are  compared  with  those  of  experiments  outside  the  calorimeter 
in  the  table  below,  the  rest  experiments  and  the  work  experiments 
being  considered  separately  for  the  different  subjects. 


Table  71. — Comparison  of  results  of  experiments  during  preliminary  periods  with  those 

during  calorimeter  periods. 


Subject  and  character  of  experiment. 

Protein. 

Fat. 

Carbohy- 
drates. 

Energy. 

Best  experiments. 

E.  0.,  preliminary  period  (average  of  5)  

E.  0.,  calorimeter  period  (average  of  7)  

J.  F.  S.,  preliminary  period  (average  of  2)  

J.  F.  S.,  calorimeter  period  (average  of  3)  

J.  C.  W.,  preliminary  period  (1)  

J.  O  W.,  calorimeter  period  (1)  

Average  8  preliminarv  

Average  11  calorimeter  

Work  experiments. 

E.  0.,  preliminarv  period  (average  of  2)  

E.  0.,  calorimeter  period  (average  of  2)  

J.  F.  S.,  preliminary  period  (average  of  2)  

J.  F.  S.,  calorimeter  period  (average  of  4)  

J.  C  W.,  preliminary  period  (average  of  6)  

J.  C.  W.,  calorimeter  period  (average  of  15)  

Average  10  preliminarv  

Per  cent. 
92.6 
93.5 
91.3 
93.1 
93.1 
92.1 

Per  cent. 
94.0 
94.4 
95.4 
94.9 
96.4 
95.3 

Per  cent. 
97.7 
98.0 
96.7 
97.8 
98.4 
97.8 

Per  cent. 
90.5 
90.4 
89.6 
90.7 
87.4 
90.3 

92.4 

94.7  97.6 

89.9 

93.2 

94.6          97.9  90.5 

90.1 
90.1 
92.3 
93.5 
88.2 
88.4 

94.2 
94.9 
96.1 
96.9 
95.8 
95.8 

97.7 
97.9 
97.8 
98.2 
96.9 
97.5 

91.3 
91.9 
92.1 
93.1 
92.3 
92.5 

89.4  |  95.5 

97.2 

92.1 

89.5  95.9 

97.7 

92.6 

So  far  as  can  be  judged  by  these  figures,  the  sojourn  within  the 
calorimeter  had  little  influence  upon  the  digestibility  of  the  diet. 
Considering  the  results  of  the  individual  tests  the  differences  between 
the  period  inside  and  that  outside  the  calorimeter  chamber  in  some 
cases  are  quite  appreciable,  but  on  the  whole  the  differences  between 
experiments  in  the  different  periods  were  no  larger  than  between  those 
in  the  same  period.  The  averages  for  the  preliminary  and  calo- 
rimeter periods  for  the  same  subject  were  reasonably  close.  In  the 
averages  of  all  the  preliminary  experiments  with  all  these  subjects  and 
all  the  calorimeter  experiments  with  all  the  subjects  the  differences 
are  practically  negligible.  That  is  to  say,  there  appeared  to  be  no 
difference  in  digestibility  whether  the  subject  was  confined  in  a  small 
room  or  was  free  to  move  about  without  restraint. 

Influence  of  muscular  work  on  digestibility. — The  figures  in  Table 
70  previously  given  are  arranged  so  that  the  results  with  each  subject 
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during  the  different  rest  and  work  experiments  may  be  easily  com- 
pared. From  these  it  will  be  observed  that  in  some  cases,  with  the 
same  subject,  the  coefficients  of  digestibility  were  larger  where  the 
work  was  less  in  amount,  and  in  other  cases  they  were  smaller.  The 
differences  between  the  experiments  with  different  amounts  of  work, 
however,  are  generally  no  larger  than  those  between  different  experi- 
ments with  the  same  amount  of  exercise.  The  averages  of  different 
experiments  of  the  same  kind  vary  so  little  with  the  different  subjects 
that  all  the  experiments  of  one  kind  may  be  averaged  for  all  the  sub- 
jects together,  and  the  averages  of  the  different  kinds  of  experiments 
may  be  compared  as  follows: 


Table  72. — Comparison  of  averages  of  results  of  experiments  with  different  degrees  of  mus- 
cular activity. 


Kind  of  experiment. 

Protein. 

Fat. 

Carbo- 
hydrates. 

Energy. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Rest  experiments  within  the  calorimeter  

93.2 

94.6 

97.9 

90.5 

Rest  experiments  outside  of  calorimeter  

92.4 

94.7 

97.6 

89.9 

89.4 

95.5 

97.2 

92.1 

89.5 

95.9 

97.7 

92.6 

These  results  indicate  that  the  amount  of  work  performed  had  no 
effect  upon  the  digestibility  of  the  nutrients  of  the  diet.  The  average 
coefficients  of  digestibility  of  carboh}7drates  agree  very  closely  in  all 
four  kinds  of  experiments;  those  for  fat  are  a  very  little  larger  in  the 
work  experiments  than  in  the  rest  experiments,  and  those  for  protein 
are  quite  noticeably  smaller  in  the  work  experiments.  The  latter  dif- 
ference is  due,  however,  not  to  the  increase  in  the  amount  of  work, 
but  to  a  decrease  in  the  amount  of  animal  protein  in  the  diet.  In  the 
majority  of  the  work  experiments  the  quantities  of  vegetable  foods 
were  increased,  and  the  proportion  of  protein  supplied  in  rather  indi- 
gestible vegetable  foods  such  as  graham  crackers  was  much  larger 
than  in  the  rest  experiments.  Because  of  the  lower  digestibility  of 
this  vegetable  protein  it  would  be  expected  that  the  coefficients  found 
for  the  whole  diet  would  be  smaller  than  in  the  experiments  in  which 
the  proportion  of  animal  protein  in  the  diet  was  larger.  This  is  espe- 
cially true  of  the  larger  part  of  the  digestion  experiments  following 
No.  195.  By  referring  to  Table  70  it  will  be  observed  that  these  are 
the  ones  in  which  the  coefficients  of  digestibility  of  protein  are  lowest. 

Influence  of  fats  v.  carbohydrates  upon  digestibility. — As  already 
explained,  the  conditions  of  the  metabolism  experiments  necessitated 
large  amounts  of  fats  in  the  diet  in  some  cases  and  large  amounts  of 
carbohydrates  in  others.  This  affords  opportunity  for  comparing  the 
relative  effects  of  large  amounts  of  these  nutrients  upon  the  digesti- 
bility of  the  diet  as  a  whole.  The  following  table  summarizes  the 
results  of  all  the  experiments  in  which  the  diet  contained  an  abun- 


dance  of  fat,  and  those  with  an  abundance  of  carbohydrates,  and  for 
purposes  of  comparison  the  average  of  the  results  of  the  18  experi- 
ments in  which  the  quantities  of  fat  and  carbohydrates  in  the  diet 
were  normal. 

Table  73. — Comparison  of  the  results  of  experiments  with  carbohydrate  diet  and  with  fat 

diet. 


Metab- 
olism 

experi- 
ment 
No. 


Subject  and  kind  of  experiment. 


Pro- 
tein. 


Fat. 


Carbo- 
hy- 
drates. 


Ash. 


P25 
25 

P26 
26 

P  32 
31 
32 


41 
P  43 
43 
45 
P46 
46 
48 
52 
54-55 


24 
28 
P  29 
29 
34 


P  37 
37 

P  40 
40 
44 
47 

P  49 
49 
53 


J.F.S.,rest,  fat  diet... 

....do  

 do  

.....do  

J.  F.  S.,  work,  fat  diet. 

....do  

 do  


Average  of  above  7  experiments  on 
fat  diet  


J.C  W.,work,  fat  diet. 

.....do  

....do  

....do  

 do  

 do  

 do  

....do  

 do  

.:..do  


Average  of  above  10  experiments  on 
fat  diet  


Average  of  all  experiments  on  fat  diet . 

E.  0.,  rest,  carbohydrate  diet  

J.  F.  S.,  rest,  carbohydrate  diet  

J..F.  S.,  work,  carbohydrate  diet  

...do   

 do  


Average  of  above  4  experiments  on 
carbohvdrate  diet  


J.  CW.,work,  carbohydrate  diet 

 do    

 do  

...do  

 do  

 do  

.....do  

 do  

 do  


Average  of  above  9  experiments  on 
carbohydrate  diet  


Per  ct. 
93.9 
94.4 
88.6 
92.8 
90.4 
94.8 
92.5 


Average  of  all  experiments  on  carbo- 
hydrate diet  


92.5 


92.7 
91.2 


87.5 

88.2 
91.7 
90.4 


90.6 


93.3 
92.0 
94.3 
94.5 
92.4 


Average  of  18  experiments  on  ordi- 
nary diet  '  92 


Per  ct. 
96.8 
97.4 
94.1 
97.2 
95.7 
98.3 
97.1 


Per  ct. 
97.7 
97.4 
95.7 
97.3 
96.8 
98.2 
97.4 


Per  ct. 
69.8 
71.4 
44.4 
66.0 
69.9 
80.4 
73.2 


96.' 


97.2 


96.7 
96.1 
96.6 
97.4 
97.2 
95.3 
96.4 
95.6 
98.0 
98.0 


97.4 
96.8 
96.0 
96.8 
96.2 
97.8 
97.8 
96.6 
97.2 
96.5 


96.7 


96.7 


93.7 
90.1 
96.4 
97.2 
95.0 


97.0 


98.5 
98.-6 


67.9 


67.5 
67.1 
62.5 
69.6 
68.2 
69.9 
68.2 
61.9 
72.3 
62.8 


67.0 


67.4 


74.0 
69.0 
76.3 
80.0 
68.6 


93.3 

94.7 

98.6 

73.5 

92.5 

90.6 

96.6 

98.6 

80.0 

90.7 

90.1 

94.2 

98.8 

69.4 

93.0 

86.7 

93.5 

98.0 

71.1 

91.8 

87.0 

91.7 

98.5 

70.3 

92.8 

84.5 

94.0 

98.6 

72.5 

93.3 

83.6 

95.0 

98.3 

67.8 

92.7 

85.1 

94.5 

93.7 

72.4 

93.8 

88.3 

95.5 

98.7 

72.3 

94.4 

86.0 

93.4 

98.5 

68.8 

93.7 

86.9 

94.3 

98.0 

71.6 

92.9 

89.1 

94.3 

98.2 

72.3 

92.7 
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It  has  been  commonly  supposed  that  if  the  quantity  of  any  ingredient 
of  the  diet  is  very  large  the  body  will  avail  itself  of  a  smaller  propor- 
tion than  if  the  total  quantity  consumed  is  smaller,  but  this  opinion  is 
not  borne  out  b}r  the  results  of  the  experiments  summarized  above. 

The  average  coefficient  of  digestibility  of  carbohydrates  is  very 
slightly  larger  in  the  case  of  the  diet  with  the  larger  quantity;  but 
for  practical  purposes  it  is  the  same  as  that  for  the  ordinary  diet.  In 
the  case  of  fat  the  increase  in  digestibility  was  more  marked  in  the 
case  of  the  diet  with  the  large  quantity ;  that  is  to  say,  where  the  quan- 
tity of  fat  was  largest  in  these  experiments  the  coefficient  of  digesti- 
bility was  greatest.  The  protein  in  the  diets  with  the^arge  quantities 
of  fat  and  carbohydrates  was  less  digestible  than  in  the  ordinary  diet. 
This  is  due  more  probably  to  what  has  already  been  pointed  out, 
namel}T,  that  the  proportion  of  vegetable  protein  in  the  diet  was  much 
larger  in  the  former  experiments,  than  to  any  effect  of  the  increase  in 
the  quantity  of  one  nutrient  in  the  diet  upon  the  digestibility  of  the 
others.  In  fact,  there  does  not  appear  to  have  been  any  such  effect, 
for  the  digestibility  of  the  fat  in  the  ration  with  the  large  amount  of 
carbohydrates  was  almost  identical  with  that  in  the  ordinary  diet, 
while  the  digestibility  of  the  carbohydrates  was  very  nearly  as  large 
in  the  diet  with  the  large  quantities  of  fat  as  in  the  ordinaiy  ration. 

Average  digestibility  of  mixed  diet. — Although  the  number  of  experi- 
ments is  large,  there  were  not  enough  of  them,  nor  were  they  made 
with  enough  different  subjects,  nor  were  there  enough  kinds  and  com- 
binations of  food  materials,  to  warrant  final  conclusions  as  to  the 
average  amounts  of  nutrients  digested  from  ordinary  diet  by  healthy 
men  in  general;  at  the  same  time  the  agreement  of  the  results  with 
each  other  and  with  those  of  other  experiments  implies  that  the  general 
average,  90.8  per  cent  protein,  95.3  per  cent  fat,  and  97.6  per  cent 
carbohydrates  is  not  very  far  from  an  indication  of  the  digestibility 
of  the  nutrients  of  mixed  diet  when  eaten  by  people  in  good  health 
under  conditions  which  obtain  in  the  United  States.  Accordingly  it 
would  seem  that  we  shall  not  be  very  far  out  of  the  way  in  retaining 
the  factors  proposed  some  years  ago  by  Atwater  and  Bryant a  for  the 
digestibility  of  the  nutrients  of  a  mixed  diet,  namely,  protein,  92  per 
cent;  fat,  95  per  cent;  carbohydrates,  97  per  cent.  These  factors 
were  based  on  the  results  of  a  large  number  of  experiments,  and  their 
close  agreement  with  the  results  of  the  experiments  summarized  above 
is  an  indication  that  they  may  be  taken  as  representing  very  nearly  the 
proportions  which  are  actually  digested  and  utilized  by  the  body  for 
the  building  of  tissue  and  the  yielding  of  energy. 

It  is  to  be  borne  in  mind,  however,  that  these  factors  depend  con- 
siderably upon  the  proportions  of  animal  and  vegetable  foods  in  the 
diet,  as  the  digestibility  of  the  nutrients  is  different  in  different  mate- 
rials. Thus,  the  protein  of  animal  foods,  like  meat  and  milk,  is  more 
completely  digested  and  utilized  than  that  of  most  vegetable  foods, 
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like  beans  or  potatoes.  The  digestibility  of  the  protein  of  a  mixed 
diet  will  therefore  vary  according-  as  it  contains  a  larger  or  smaller 
proportion  of  animal  food.  Roughly  speaking,  however,  about  95  or 
96  per  cent  of  the  total  organic  matter  and  91  or  92  per  cent  of  the 
total  energ3r  of  mixed  diet  will  be  digestible.  To  put  it  in  another 
wa}r,  the  bod}7  rejects  about  5  per  cent  of  the  nutrients  and  about  9  per 
cent  of  the  energy  of  its  food. 

QUANTITY  AND  COMPOSITION  OF  EXCRETA — FECES,  URINE,  PERSPIRATION. 

Some  of  the  more  important  data  regarding  the  amount  and  compo- 
sition of  the  excretory  products  are  discussed  in  the  following  para- 
graphs, full  data  on  these  topics  being  included  in  the  Appendix,  Tables 
110-116,  and  in  previous  reports. 

Inquiry  regarding  the  metabolism  of  matter  and  energy  in  the  liv- 
ing organism  in  later  years  has  emphasized  the  importance  of  a 
reasonably  exact  knowledge  of  the  elementary  composition  of  excre- 
tory products,  and  of  the  ratios  of  the  elements  to  each  other  and  to 
energy.  The  amount,  elemental  composition,  and  energy  value  of 
the  urine,  feces,  and  perspiration  can  be  ascertained  by  usual  labora- 
tory methods  without  the  use  of  complicated  apparatus.  The  deter- 
mination of  the  amount  and  composition  of  the  respiratory  products, 
or  what  has  been  often  termed  insensible  perspiration,  necessitates 
a  respiration  apparatus  or  some  similar  device;  and  in  the  same  way 
the  energy  output  of  the  body  requires  for  its  measurement  some 
form  of  calorimeter,  the  two  sorts  of  apparatus  being  conveniently 
combined.  In  many  investigations  of  problems  connected  with  the 
transformation  of  matter  and  energ}7  in  the  body  such  forms  of  appa- 
ratus were  not  available,  and  therefore  attempts  more  or  less  fortu- 
nate have  been  made  to  estimate  the  desired  data  regarding  the 
respiratory  products  and  energy  and  to  secure  such  ratios  of  the  ele- 
ments to  each  other  or  to  energ}7,  that  when  some  of  the  data  are  known 
the  others  can  be  readily  computed  by  the  use  of  assumed  factors.  The 
data  most  commonly  used  as  starting  points  for  the  calculations  are 
(1)  weight  of  fresh  or  water-  free  substance,  (2)  proximate  composition 
(total  organic  matter,  protein,  fats,  and  carbohydrates),  (3)  percent- 
ages of  nitrogen,  or  nitrogen  and  carbon,  as  found  by  analyses,  and 
(4)  the  amounts  of  energy  as  found  by  combustion  with  oxygen.  The 
f actors  most  commonly  assumed  for  use  in  calculations  are  (1)  the  per- 
centages of  organic  compounds,  (2)  the  percentages  of  nitrogen  and 
carbon  and  their  ratios  to  each  other  or  to  other  elements  or  to  organic 
compounds,  (3)  the  amounts  of  energy  in  organic  (unoxidized)  com- 
pounds, and  (1)  the  ratios  of  nitrogen  or  carbon  to  energy.  It  is 
therefore  of  interest  to  note  what  the  data  obtained  in  these  experi- 
ments may  show  as  to  the  composition  and  energy  of  the  feces  and 
urine,  the  range  of  variation  in  different  specimens,  the  factors  which 
may  be  derived  for  use  in  calculations,  and  the  probable  accuracy  or 
inaccuracy  of  such  calculation. 

Composition  of  urine. — Tables  113  and  114  in  the  Appendix  give 
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statistics  of  the  fresh  urine  and  Tables  115  and  116  the  composition  of 
the  water-free  substance,  the  data  of  the  last  two  tables  being  summar- 
ized in  Tables  74  and  75  herewith. 

Table  74. — Average  percentage  composition  of  water  and  ash  free  substance  of  urine  in 
metabolism  experiments  Nos.  5-55,  omitting  fasting  experiments. 


Subject  and  character  of  experiment. 


In  water  and  ash  free  substance. 


Dura- 
tion. 

Nitrogen. 

Carbon. 

Hydro- 
gen. 

Oxygen 
(by  differ- 
ence). 

Days. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

54 

34.50 

24.19 

6. 84 

34.47 

9 

34. 87 

22.87 

7.06 

35. 20 

30 

35. 31 

25.  41 

6.57 

32. 71 

52 

30. 88 

23. 19 

6.39 

39. 54 

67 

34.  68 

24. 28 

6.68 

34.  36 

78 

32. 28 

23.76 

6.61 

37. 35 

145 

33. 39 

24.00 

6. 64 

35. 97 

Subject  E.  0.,  average  of  16  rest  and  work  experi- 
ments   


Subject  A.  W.  S.,  average  of  4  rest  experiments  ... 
Subject  J.  F.  S.,  average  of  10  rest  and  work  experi- 
ments   


Subject  J.  C.  W.,  average  of  17  rest  and  work  ex- 
periments   

All  subjects,  average  of  22  rest  experiments  

All  subjects,  average  of  25  work  experiments  

All  subjects,  average  of  47  rest  and  work  experi- 
ments   


Table  75. — Relation  of  other  elements  to  nitrogen,  and  of  energy  to  organic  matter,  nitrogen, 
and  carbon  in  urine  in  metabolism  experiments  Nos.  5-55,  omitting  fasting  experiments. 


Amounts  per  gram  of  nitrogen. 

Energy  per  gram  of— 

Subject  and  character  of  ex- 
periment. 

Dura- 
tion. 

Car- 
bon. 

Hydro- 
gen. 

Oxy- 
gen (by 
differ- 
ence). 

Or- 
ganic 
sub- 
stance. 

Organic 

sub- 
stances. 

Nitrogen. 

Carbon. 

Subject  E.  0. 

Days. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

Calories. 

Calories. 

Average  of  13  rest  experiments. 

42 

0. 697 

0. 196 

0. 977 

2. 870 

2. 736 

7.860 

11.277 

Average  of  3  work  experiments. 

12 

.720 

.209 

1.088 

3. 017 

2. 476 

7. 468 

10. 372 

Average  of  16  rest  and  work 
experiments  

54 

.702 

.199 

1.  002 

2. 903 

2. 678 

7.774 

11.074 

Subject  A.  W.  S. 

Average  of  4  rest  experiments. . 

9 

.657 

.202 

1.010 

2.869 

2.691 

7.725 

11.758 

Subject  J.  F.  S. 

Average  of  4  rest  experiments. . 

12 

.734 

.177 

.949 

2. 860 

2. 936 

8.397 

11. 440 

Average  of  6  work  experiments. 

18 

.710 

.193 

.913 

2. 816 

2. 853 

8.033 

11.314 

Average  of  10  rest  and  work 

30 

.720 

.186 

.928 

2.834 

2. 887 

8.179 

11.360 

Subject  J.  C.  W. 

Average  of  1  rest  experiment. . . 

4 

.744 

.188 

1.271 

3. 203 

2.648 

8.481 

11. 399 

Average  of  16  work  experiments 

48 

.752 

.209 

1.288 

3.249 

2. 552 

8.289 

11. 023 

Average  of  17  rest  and  work 

52 

.  752 

.208 

1.286 

3.  246 

2. 560 

8. 307 

11. 047 

All  subjects. 

Average  of  22  rest  experiments. 

67 

.701 

.193 

.994 

2.888 

2.761 

7. 974 

11.375 

Average  of  25work'experiments 

78 

.738 

.205 

1.171 

3. 114 

2.610 

8.104 

10. 981 

Average  of  47  rest  and  work 

145 

.721 

.200 

1.089 

3.  010 

2.680 

8. 065 

11.047 

In  the  urine  tables,  the  earlier  analyses  being-  known  to  have  been 
somewhat  inaccurate,  it  is  not  thought  best  to  lay  any  great  stress  on 
the  experiments  prior  to  No.  15,  or  in  fact  on  any  in  which  E.  O.  was 
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the  subject,,  since  while  in  the  calorimeter  he  could  not  supervise  the 
urine  analyses  as  usual. 

The  percentage  composition  agrees  very  closely  in  most  cases,  and 
the  energy  per  gram  of  nitrogen  is  nearty  constant.  The  most  notice- 
able variation  in  percentage  composition  is  seen  in  the  case  of  J.  C.  W. , 
where  the  percentage  of  oxygen,  as  estimated  by  difference,  is  very  high. 

The  variations  in  the  percentages  of  water  and  water-free  substance 
in  the  urine  of  different  subjects  and  of  the  same  subject  in  different 
days  and  experiments  seem  considerable;  but  when  the  amount  of 
water-free  substance  is  taken  into  account  the  range  of  variation  in 
percentages  of  elements  and  amounts  of  energy  is  rather  small — less, 
perhaps,  than  might  be  expected.  While  the  data  are  hardly  sufficient, 
the}7  imply  as  far  as  they  go  that  where  accurac}7  is  essential  average 
factors  for  composition  of  urine  can  not  be  used,  but  that  they  can  be 
employed  for  approximate  calculations. 

Composition  of  feces.- — Tables  110-112  of  the  Appendix,  showing  the 
full  data  regarding  the  amounts  and  composition  of  feces,  are  sum- 
marized in  Tables  76  and  77  herewith. 

Table  76. — Average -percentage  composition  and  heat  of  combustion  of  water-free  and  water 
and  ash  free  substance  of  feces  in  metabolism  experiments  Nos.  5-55,  omitting  fasting 
experiments. 


In  water-free  substance.  In  water  and  ash  free  substance. 


Subject  and  character  of 
experiment. 

Dura- 
tion. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  (by 
difference). 

Ash. 

Energy  per 
gram. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  (by 
difference). 

Energy  per 
gram. 

Subject  E.  0. 

Days. 

P.  ct. 

P.ct. 

P.  ct. 

P.ct. 

P.  ct. 

Cats. 

P.  ct. 

P.ct. 

P.ct. 

P.ct. 

Cats. 

Average  of  13  rest  experi- 

ments, all  diets  

42 

5.46 

48.07 

6.64 

20. 22 

19.61 

5. 297 

6.  79 

59.  87 

8.28 

25. 06 

6.  602 

Average  of  3  work  experi- 

ments, all  diets  

12 

5. 57 

49.  65 

7.08 

21.60 

16.10 

5. 523 

6.64 

59. 21 

8. 44 

25.  71 

6.588 

Subject  A.  W.  S. 

Average  of  4  rest  experi- 

ments, special  diet  

9 

5. 89 

51.27 

7.03 

18.  70 

17.11 

5. 735 

7.11 

61.86 

8. 48 

22.55 

6.920 

Subject  J.  F.  S. 

Average  of  4  rest  experi- 

ments, all  diets  

12 

5.03 

43.44 

5.38 

22.12 

21.04 

4. 863 

6. 61 

57. 15 

7.05 

29. 18 

6.397 

Average  of  6  work  experi- 

ments, all  diets  

18 

4.70 

46.  64 

6.66 

21.86 

20. 14 

5. 166 

5. 89 

58.40 

8. 34 

27.37 

6.467 

Subject  J.  C.  W. 

Average  of  1  rest  experi- 

ment, ordinary  diet  

4 

5.79 

47.17 

6.74 

22.  57 

17.  73 

5.201 

7.04 

57.33 

8.19 

27.44 

6.322 

Average  of  6  work  experi- 

ments,  carbohydrate 

diet  

22 

6.39 

47. 88 

6.71 

24.56 

14.46 

5. 154 

7.49 

55.  99 

7.81 

28.71 

6.026 

Average  of  10  work  exper- 

26 

iments,  fat  diet  

4.54 

51.41 

7.51 

17.20 

19.34 

5.  912 

5.62 

63.  68 

9.38 

21.32 

7.331 

All  subjects. 

Maximum  

6.97 

52. 74 

7.89 

26.20 

27. 25 

6. 238 

8.02 

66.  66 

9.  75 

33.12 

7.690 

Minimum  

3.91 

40. 12 

3. 59 

12. 82 

12.88 

4.372 

4.82 

54.63 

4.94 

17.17 

5. 904 

Average  of  47  rest  and 

work  experiments,  all 

diets  

145 

5. 33 

48. 38 

6.71 

20. 79 

18.  79 

5. 377 

6.54 

59.58 

8.  34 

25.54 

6.623 

116 


Table  77 '  .—Relation  of  other  elements  to  nitrogen,  and  of  energy  to  organic  matter, 
nitrogen,  and  carbon,  in  feces  in  metabolism  experiments  Nos.  5-55,  omitting  fasting 
experiments. 


Subject  and  character  of  ex- 
periments. 

Dura- 
tion. 

Amounts  per  gram  of  nitrogen. 

Energy  per  gram  of — 

Car- 
bon. 

Hydro- 
gen. 

Oxy- 
gen (by 
differ- 
ence). 

Organic 

sub- 
stance. 

Organic 

sub- 
stance. 

Nitrogen. 

Carbon. 

Subject  E.  0. 

Days. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

Calories. 

Calorics. 

Average  of   13  rest  experi- 

'  42 

8. 890 

1.231 

3.751 

14. 872 

6.58 

97. 73 

11.02 

Average  of  3  work  experi- 

ments, all  diets  

12 

8.  951 

1.274 

3.  900 

15. 125 

6.58 

99.57 

11.12 

Subject  A.  W.  S. 

Average  of  4  rest  experiments, 

special  diet  

9 

8.  700 

1.194 

3. 172 

14.066 

6.92 

97. 32 

11.19 

ouoject  j.i'.  o. 

Average  of  4  rest  experiments, 

all  diets  

12 

8. 694 

1.080 

4. 426 

15. 200 

6.41 

97.40 

11.19 

Average  of  6  work  experi- 

• 

ments,  all  diets  

18 

9. 925 

1.418 

4.  655 

16. 998 

6.47 

109. 93 

11.08 

Subject  J.  C.  W. 

Average  of  1  rest  experiment, 

ordinary  diet  

4 

8. 143 

1.163 

3.898 

14. 204 

6.32 

89.80 

11.03 

Average  of  6  work  experi- 

ments, carbohydrate  diet... 

22 

7.518 

1.049 

3.849 

13. 416 

6. 04 

80. 92 

11.08 

Average  of  10  work  experi- 

ments, fat  diet  

26 

11.469 

1.678 

3. 821 

17.  968 

9. 99 

132. 07 

11.50 

All  subjects. 

13. 843 

2. 017 

6.020 

20.  742 

159. 50 

11.83 

Minimum  

6.816 
9. 229 

.727 
1.294 

2.606 
3.  927 

12.477 
15. 450 

73. 98 
102. 73 

10.40 
11.14 

145 

6.67 

It  will  be  observed  that  in  the  earlier  experiments  with  ordinary 
mixed  diet  the  range  of  variation  is  much  less  than  in  the  later  exper- 
iments with  a  wider  range  in  diet.  The  wide  range  in  percentages  of 
nitrogen  and  in  the  ratios  of  nitrogen  to  energy  is  very  striking.  On 
the  other  hand,  the  ratio  of  carbon  to  energ3r  is  nearly  constant. 
Therefore,  in  addition  to  computing  the  energy  per  gram  of  nitrogen, 
the  energy  per  gram  of  carbon  was  also  computed.  In  the  light  of  the 
results  thus  obtained  it  would  appear  that  the  nitrogen  content  of  feces 
can  not  be  accurately  used  as  a  means  of  determining  their  content  of 
carbon  or  of  energy,  but  that  the  carbon  might  serve  as  a  very  accu- 
rate basis  for  the  calculation  of  the  energy,  provided  these  results  are 
to  be  taken  as  representative.  However,  in  the  experiments  with 
J.  C.  W.,  where  the  diet  was  abnormal,  unusually  large  amounts  of 
undigested  fats  were  found  in  the  feces  during  an  experiment  with  a 
fat  diet,  which  raised  the  energy  per  gram  of  carbon  considerably. 
On  the  other  hand,  in  the  carbohydrate  diet  there  is  a  decrease  in  the 
energ}r  per  gram  of  carbon,  although  its  value  for  this  class  of  experi- 
ments is  very  constant.  It  is  also  noticeable  that  in  the  experiments 
with  J.  C.  W.  on  the  carbohydrate  diet  there  is  a  larger  percentage  of 
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nitrogen  in  the  feces  than  with  the  fat  diet,  which  would  imply  that 
excessive  amounts  of  carbohydrates  cause  a  larger  amount  of  meta- 
bolic nitrogen  in  the  feces  than  was  the  case  with  the  fat  diet. 

The  differences  in  composition  of  the  feces  are  probabl}r  due  to  dif- 
ferences in  both  the  undigested  residues  of  food  and  the  amounts  of 
digestive  juices  poured  into  the  alimentary  canal.  Such  differences 
might  be  expected  with  so  much  range  in  the  composition  of  the  diet, 
especially  when  the  carbohydrates  and  fat  were  consumed  in  large 
amounts. 

How  much  narrower  the  range  in  composition  of  the  feces  would  be 
with  different  persons  on  ordinary  diet  we  have  no  means  of  judging, 
but  if  these  experiments  may  be  taken  as  at  all  indicative  it  would 
seem  that  the  composition  and  heat  of  combustion  of  a  given  specimen 
of  feces  can  not  well  be  computed  on  the  basis  of  its  content  of  either 
water-free  substance  or  organic  matter  or  nitrogen,  but  that  the 
carbon  content  does  give  an  approximate  means  of  judging  of  its 
energy. 

Accuracy  of  the  figures  for  compositioii  of  food,  feces,  and  urine. — 
Much  attention  has  been  given  in  this  laboratory  to  special  studies  of 
analytical  methods,  as  explained  on  pages  41-43  and  elsewhere,  and 
every  precaution  has  been  taken  to  secure  accuracy  in  all  the  figures  in 
the  tables.  The  determinations  of  nitrogen,  carbon,  and  hydrogen  are 
believed  to  be  close  approximations  of  the  truth.  The  figures  for  water- 
free  substance  are  those  obtained  by  drying  in  the  usual  way;  some- 
times they  may  be  made  too  large  by  small  amounts  of  moisture  which 
were  not  expelled,  or  too  small  b}^  incipient  decomposition  in  the  heat- 
ing, but  the  errors  from  either  source  are  not  believed  to  be  very  con- 
siderable. The  figures  for  ash  represent  the  results  of  incineration 
and  include  considerable  carbon,  and  especially  oxygen  as  carbonates, 
sulphates,  and  phosphates.  The  determinations  of  organic  matter  are, 
of  course,  affected  by  errors  in  the  water-free  substance  and  ash,  as  well 
as  by  the  presence  of  the  carbon  and  oxygen  in  the  ash  that  has  come 
from  the  organic  matter  of  the  fresh  material.  The  estimates  of 
"oxygen  by  difference"  are  at  best  crude,  but  are  of  interest  for  pur- 
poses of  comparison.  The  figures  for  energy  represent  the  heats  of 
combustion  as  determined  with  the  bomb  calorimeter.  In  the  case  of 
feces  these  results  are  accurate,  but  urine  is  so  liable  to  decomposition 
with  loss  of  energy  not  only  in  the  process  of  diying,  but  also  on 
standing  at  ordinary  temperature  and  atmospheric  pressure,  even  in  the 
presence  of  preservatives,  that  the  accuracy  of  the  determinations  is 
somewhat  less  certain.  When  the  earlier  determinations  of  heats  of 
combustion  of  urine  were  made  the  danger  of  loss  of  energy  in  these 
ways  could  not  be  foreseen,  and  some  of  them  are  now  regarded  as  of 
doubtful  value.  In  experiments  Nos.  1-15,  furthermore,  less  attention 
was  paid  to  proper  care  of  the  urine  than  later,  and  accordingly  less 
stress  is  laid  on  the  analyses  of  the  urine  of  these  exyjeriments  in  the 
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summing  up  of  the  results.  The  errors  noted  in  the  above  discussion 
are  such  as  are  common  to  all  investigations  like  these  and  are  not 
peculiar  to  the  experiments  here  reported.  They  should  be  mentioned, 
however,  in  a  detailed  discussion  of  the  subject. 

Nitrogen  in  perspiration. — Table  78  shows  the  amounts  of  nitrogen 
eliminated  in  the  perspiration  in  a  number  of  work  experiments  as 
determined  by  the  method  described  on  pages  52,  53. 


Table  78. — Nitrogen  eliminated  in  perspiration  in  work  experiments. 


Dura- 
tion. 

Total 
nitrogen. 

Average 
per  day. 

Dura- 
tion. 

Total 
nitrogen. 

Average 
per  day. 

Days. 

Grams. 

Grams. 

Days. 

Grams. 

Grams. 

4 

0. 88 

0.22 

Experiment  Nos.  43-45. 

9 

3. 16 

0. 35 

Experiment  No.  11  

4 

.79 

.20 

Experiment  Nos.  46-48. 

9 

1.99 

.22 

Experiment  No.  12  

4 

.96 

.24 

Experiment  Nos.  49-50. 

«3f 

2. 39 

.66 

Experiment  Nos.  29-31. 

9 

1.78 

.» 

Experiment  Nos.  52-55. 

Ml 

5. 31 

.48 

Experiment  Nos.  32-34. 

9 

3.58 

.40 

Total  

88| 

25. 65 

Experiment  Nos.  37-38. 
Experiment  Nos.  40-41. 

8 

2.69 
2.12 

.34 

Average  per  day. 

.29 

8 

"Experiment  No.  50  counted  as  five-eights  of  a  day  as  regards  the  elimination  of  perspiration,  since 
the  subject  worked  only  five  hours. 

b  Experiment  No.  55  counted  as  two  days  as  regards  the  elimination  of  perspiration,  since  the  subject 
worked  sixteen  hours. 


The  amount  of  nitrogen  eliminated  in  the  perspiration  during  these 
work  experiments  certainly  is  far  in  excess  of  that  commonly  consid- 
ered to  be  excreted  in  such  cases.  Reliable  data  on  this  point  are  not 
numerous  and  much  yet  remains  to  be  done. 

W.  Camerer"  reports  the  composition  of  perspiration  induced  in  a 
young  man  by  different  sorts  of  warm  baths.  In  the  average  of  four 
determinations  100  cubic  centimeters  of  perspiration  contained  0.17 
gram  of  nitrogen.  The  urea  determined  in  two  of  the  samples  aver- 
aged 0.04  gram.  Schafer^  cites  various  determinations  of  the  quan- 
tity of  urea  and  nitrogen  excreted  in  the  water  of  perspiration.  Thus 
Favre  found  0. 011  gram  urea  per  1,000  cubic  centimeters  of  perspiration, 
and  Funke  1.55  grams  urea  in  1,000  cubic  centimeters  of  perspiration. 
Argutinsk}^  found  0.363  and  0.410  gram  of  urea  in  225  and  230  cubic 
centimeters  of  perspiration,  respective^.  The  same  investigator  also 
found  0.7  gram  of  nitrogen  by  extracting  with  distilled  water  the 
clothes  worn  by  subjects  actively  walking  or  climbing  a  hill  during  a 
considerable  portion  of  the  day.  C.  C.  Ester  brook c  concluded,  in  some 
experiments  upon  himself,  that  the  perspiration  contained  0.1  to  0.3 
per  cent  urea. 

A  still  more  pronounced  elimination  of  nitrogen  in  the  perspiration 

«Ztschr.  Biol.,  41  (1901),  p.  271. 

&  Textbook  of  Physiology,  Vol.  I,  1898,  pp.  671-673. 

^Scottish  Med.  and  Surg.  Jour.,  6  (1900),  p.  120. 
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was  found  by  Eijkroanna  in  three  experiments  with  Malay  medical 
students  in  the  tropical  climate  of  Java.  The  first  experiment  lasted 
three  hours,  during  which  0.222  gram  of  nitrogen  was  excreted.  The 
second  experiment  continued  twenty-four  hours,  during  which  time 
there  was  found  in  the  perspiration  0.761  gram  of  nitrogen.  The  third 
experiment  likewise  continued  twenty-four  hours,  and  there  was  an 
elimination  of  nitrogen  in  the  perspiration  amounting  to  1.362  grams. 
The  subjects  were  engaged  in  light  work. 

It  will  be  noticed  that  the  largest  quantity  of  nitrogen  excreted  in 
the  perspiration  in  any  of  the  instances  above  cited  was  with  men  with 
light  bodily  exercise  in  the  very  warm  climate  of  Java.  This  was  esti- 
mated at  from  0.8  to  1.4  grams  per  day. 

In  Table  78,  showing  the  amount  of  perspiration  obtained  in  the  res- 
piration calorimeter  experiments,  it  is  seen  that  the  quantity  of  nitro- 
gen thus  eliminated  rose  to  0.66  gram,  or  the  equivalent  of  4.12  grams 
of  protein,  per  day.  There  is  reason  to  believe  that  these  figures  rep- 
resent a  minimum  rather  than  a  maximum  result,  for  the  urea  con- 
tinually undergoes  decomposition  with  loss  of  ammonia.  Certainly 
the  loss  of  nitrogen  through  this  channel  can  not  be  neglected  in 
metabolism  experiments,  for  a  gain  or  loss  of  a  few  tenths  of  a  gram 
of  nitrogen  has  frequently  been  considered  the  basis  for  broad  gen- 
eralizations regarding  the  properties  of  nutrients,  but  since  no  con- 
stant factor  appears  in  the  table,  further  discussion  is  not  thought 
desirable  at  this  time. 

SUMMARY  OF  DATA  OF  INCOME  AND  OUTGO  OF  INDIVIDUAL  EXPERIMENTS. 

Table  79  shows  in  detail  the  balance  of  income  and  outgo  of  nitro- 
gen, carbon,  and  energy  as  well  as  computed  gains  or  losses  of  body 
protein  and  fat  in  experiments  Nos.  5-55.  Inasmuch  as  the  data  here 
summarized  are  taken  into  account  in  the  discussion  of  some  of  the 
topics  considered  in  these  pages,  no  special  discussion  of  them  in  this 
table  is  given  here. 

a  Arch.  Path.  Anat.  u.  Physiol.  [Virchow]  131,  p.  170.  Abs.  mil.  S.  Dept.  Agr., 
Office  of  Experiment  Stations  Bui.  45,  p.  64. 
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Table  79. — Summary  of  income  and  outgo  of  nitrogen,  carbon, 


Subject  and  kind  of  experiment. 


Nitrogen. 

Carbon. 

(a) 

(ft) 

(«) 

(/) 

(sO 

(h) 
o 

w 
T 

Duration. 

In  food. 

In  feces. 

In  urine. 

Gain  (  +  )  or  loss  i 
a-(b+c). 

In  food. 

In  feces. 

In  urine. 

In  respiratory  prodi 

0*=i 
rt  + 
u  ^ 
°  + 

+  1 

a 
'3 

o 

Days. 

Gms. 

(Jinx. 

Gms 

Gms. 

Gms. 

Gms. 

Gins. 

Gms. 

Gms 

4 

19.1 

1.7 

18.1 

-0.7 

248.9 

13.-8 

11.6 

231.7 

  g_  9 

4 

16.7 

.9 

17.7 

-  1.9 

216. 9 

6.6 

13.3 

214.5 

—  17  4 

4 

20.8 

1.3 

19.5 

0.0 

270.7 

10.6 

13.9 

224. 5 

4 

19.1 

1.3 

18.4 

-  .6 

261.  6 

13.4 

12.6 

223. 6 

+  12. 0 

4 

19.8 

1.4 

19.5 

-  1.1 

252. 8 

11.8 

13.5 

215. 0 

+  12.4 

3 

18.7 

1.1 

19.5 

-1.9 

245. 8 

11.1 

15.1 

205. 2 

+  14.4 

4 

15.1 

.9 

16.2 

-2.0 

239.0 

7.4 

12.2 

207.3 

+  12.2 

2 

17.4 

.9 

15.6 

+  -9 

244.9 

7.8 

11.0 

220.1 

+  6.0 

2 

17.4 

.8 

15.5 

+  1.1 

244.  6 

7.8 

10.9 

218.3 

+  7.6 

2 

17.4 

.8 

15.6 

+  1.0 

244. 8 

7.8 

11.0 

217.6 

+  8.4 

3 

19. 8 

1. 1 

io.  0 

+    •  2 

278.  7 

10.  2 

XL.  O 

207. 9 

+  48.7 

3 

19.8 

1.1 

19.0 

-  .3 

244.  9 

10.2 

12.2 

216.4 

+  6.1 

3 

19.8 

1.3 

18.2 

+  .3 

299.7 

10.5 

11.8 

230.9 

+  46.6 

42 

18.5 

1.1 

17.8 

-  .4 

253.3 

9.9 

12.4 

217.9 

+  13.1 

2 

15.5 

1.0 

16.4 

-1.9 

252. 0 

9.0 

10.4 

219. 3 

+  13.3 

2 

15.5 

1.0 

14.5 

0.0 

252. 2 

9.0 

9.2 

206.6 

+  27.4 

2 

15.5 

1.0 

14.1 

+  .4 

252.  0 

9.0 

9.0 

216. 2 

+  17.8 

3 

15.5 

1.0 

15.4 

-  .9 

215. 2 

9.0 

10.8 

217. 4 

-  22.0 

9 

15.5 

1.0 

15.1 

-  .6 

242.9 

9.0 

9.9 

214.9 

+  9.1 

3 

17.7 

1.0 

16.4 

+  .3 

270.9 

9.7 

12.8 

216.6 

+  31.8 

3 

15.9 

1.1 

15.3 

-  .5 

233.2 

9.4 

11.0 

196.1 

+  16.7 

3 

15.8 

1.1 

15.7 

-1.0 

229.  0 

8.9 

11.2 

198.3 

+  10.6 

3 

15.8 

1.2 

15.3 

245.8 

10.0 

10.9 

210.7 

+  14.2 

12 

16.3 

1.1 

15.7 

-  .5 

244.7 

9.5 

11.5 

205.4 

+  18.3 

4 

16.0 

1.2 

15.8 

-1.0 

236.1 

10.0 

11.8 

221. 5 

-  7.2 

67 

17.4 

1.1 

16.8 

-  .5 

249.1 

11.7 

215.3 

+  12.4 

1 

0.0 

0.0 

11.5 

-11.5 

0.0 

0.0 

8.6 

193.9 

-202. 5 

1 

0.0 

0.0 

16.0 

-16.0 

0.0 

0.0 

12.2 

177.0 

-189. 2 

1 

0.0 

0.0 

14.1 

-14.1 

0.0 

0.0 

10.3 

169.0 

-179. 3 

f  0.0 

0.0 

11.7 

-11.7 

0.0 

0.0 

9.3 

191.  6 

-200. 9 

2 

j  0.0 

0.0 

12.2 

-12.2 

0.0 

0.0 

9.3 

190.4 

-199. 7 

5 

0.0 

0.0 

13.1 

-13.1 

0.0 

0.0 

9.9 

184.4 

-194. 3 

Rest  experiments. 

Subject  E.O  

....do  

....do  

....do  

....do  

....do  

....do  

....do  

....do  

....do  

....do  

....do  

....do  


Average  13  experiments  with 
E.O. 


Subject  A.W 
....do  

 do  

 do  


Average  4  experiments  with 
A.  W.  S. 


Subject  J.  F.  S. 

 do  

....do  

....do  


Average  4  experiments  with 
J.  F.  S. 

Subject  J.  C.  W  

Average  22  rest  experiments 
with  E.O.,  A.W.  S.,  J.F.S., 
and  J.  C.  W. 

Fasting  experiments. 

Subject  J.  C.  W  

 do  


Average  4  experiments  with 
J.  C.W. 
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hydrogen,  and  energy  in  51  metabolism  experiments,  covering  150  days. 


Hydrogen. 

Body  mate- 
rial. 

Energy. 

(*) 

(I) 

(m) 

(n) 

(o) 

(P) 

(q) 

(r) 

(s) 

(0 

(u) 

(w) 

(a:) 

(y) 

>> 

T 

M 

o 

o 

CO 

+ 

si 

net 

net 

)Ut- 

In  food. 

In  feces. 

In  urine. 

In    water  apparen 
lost. 

%^ 
~  + 

o  s= 

+ 

r* 

'3 

Protein  gained  (  +  ) 
lost  (-). 

Pat  gained  (  +  )  or  ] 

(-)• 

Of  food. 

Of  feces. 

Of  urine. 

Of  body  protein  gaii 
(+)  or  lost  (-). 

Of  body  fat  gained  ( 
or  lost  (  — ). 

08  ^ 

rt  fl  + 
£  «8 

'-"b  + 

tf.S  + 

x  i 

«w  °  *- 

o 

Measured  as  heat; 
outgo. 

Difference  between 
income  and  net  ( 
go. 

[  Serial  No. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Pr.  ct. 

36.4 

1.9 

3.7 

51.4 

—  20.5 

-  4.2 

-  7.8 

2, 655 

143 

128 

-  24 

-  74 

2,482 

2, 379 

-103 

-4.2 

5 

35.  9 

3.  6 

48. 7 

—  17.3 

—  12.0 

—  14.5 

2,441 

76 

134 

—  68 

—  138 

2,437 

2, 394 

—  43 

— 1.  7 

7 

39.2 

1.5 

4.0 

67.5 

—  33.7 

0.0 

+  28.5 

2,897 

117 

153 

0 

+  266 

2,356 

2,286 

-  70 

-3.0 

8 

38  1 

1.  9 

3. 4 

39. 8 

-  6.9 

—    3. 6 

+  18. 3 

2, 717 

142 

149 

-  20 

+  174 

2, 272 

9  QAQ 

/,  ouy 

+  Ol 

_L.1  A 

+  1.  D 

g 

41.  2 

1  6 

Q  O 

36  5 

—  .1 

  g  f 

+  21  0 

2  701 

127 

147 

-  38 

+  200 

2,265 

2  283 

-A-  IS 

T  1" 

10 

36  6 

1  6 

4.  3 

05.  / 

—  28. 0 

  11  7 

_1_  97  1 
T"  Z/.  1 

z,  oyo 

1ZO 

173 

-  66 

+  258 

2, 106 

9  1  PL1 
Z,  101 

J_  AK 
■+■  40 

_1_9  1 
+  Z.  1 

13 

36  2 

1  0 

3. 5 

26  6 

+  5.1 

—  12  2 

_i_  OA  f; 

-T  Z4.  0 

2  513 

OZ 

142 

-  69 

+  234 

2, 124 

2  193 

+  69 

14 

40.6 

1.1 

3.1 

34.3 

+    2. 2 

+  5.6 

+  3.9 

2, 642 

88 

128 

+  31 

+  37 

2  358 

2,362 

+  4 

+  .2 

15 

40.6 

1.1 

3.1 

+  .3 

+  6.9 

+  5.3 

2, 638 

88 

126 

+  39 

+  50 

2, 335 

2,332 

-  3 

-  .1 

16 

40.6 

1.1 

3.1 

46.1 

-  9.7 

+  5.8 

+  11.0 

2, 643 

88 

128 

+  34 

+  105 

2,288 

2,276 

-  12 

-  .5 

17 

44.4 

1.4 

3.5 

28.8 

+  10.7 

+  1.2 

+  63.1 

3, 029 

114 

138 

+  7 

+  602 

2,168 

2,259 

+  91 

+  4.2 

22 

35.4 

1.5 

3.5 

41.4 

-  11.0 

-  1.7 

+  9.1 

2, 546 

114 

141 

-  9 

+  87 

2, 213 

2,176 

-  37 

-1.7 

23 

43.8 

1.5 

3.4 

27.9 

+  11.0 

+  1.7 

+  60.1 

3,061 

116 

136 

+  9 

+  573 

2,  227 

2, 272 

+  45 

+2.0 

24 

39. 2 

1. 4 

3. 5 

41. 8 

-  7.5 

—    2. 4 

+  19. 2 

2,  698 

109 

140 

-  13 

+  183 

2,279 

2, 283 

+  3 

+  .2 

41.1 

1.2 

3.3 

28.5 

+  8.1 

-  11.9 

+  25.6 

2,762 

100 

123 

-  67 

+  244 

2, 362 

2,488 

+126 

+5.3 

18 

41.1 

1.2 

3.0 

17.4 

+  19.5 

+  .3 

+  .35. 8 

2,  765 

101 

108 

+  1 

+  341 

2,  214 

2, 279 

+  65 

+2.9 

19 

41.1 

1.2 

2.9 

42.4 

-  5.4 

+  2.2 

+  21.9 

2,  763 

101 

106 

+  12 

+  209 

2,335 

2,303 

-  32 

—1.4 

20 

31.8 

1.2 

3.1 

41.4 

-  13.9 

-  5.4 

-  25.2 

2,264 

101 

126 

-  31 

-  240 

2,308 

2,279 

-  29 

-1.3 

21 

38.8 

1.2 

3.1 

32.4 

-4-     9  1 

-  3.7 

+  14.5 

2, 639 

101 

116 

-  21  +  139 

2, 305 

2,  337 

+  32 

+  1.4 

39.7 

1.4 

3.1 

13.2 

+  21.9 

+  1.9 

+  40.5 

2,896 

111 

147 

+  11  +  386 

2, 241 

2,244 

+  3 

+  .1 

25 

33.9 

1.1 

2.7 

36.5 

-  6.4 

-  3.3 

+  24.2 

2,490 

106 

128 

-19 

+  232 

2,043 

2,085 

+  42 

+2.0 

26 

37.0 

■  8 

2.7 

42.  6 

—  9.2 

-  6.0 

+  18.1 

2,485 

97 

124 

-  34 

+  173 

2, 125 

2, 123 

-  2 

—  .1 

27 

35.8 

1.3 

2.7 

21.4 

+  10.4 

-4.6 

+  21.9 

2,489 

112 

128 

-  26 

+  209 

2, 066 

2, 079 

+  13 

+  .6 

28 

36.6 

1.2 

2.8 

28.4 

+  4.2 

-  3.0 

+  26.2 

2,  590 

107 

132 

-  17 

+  250 

2, 119 

2, 133 

+  14 

+  .7 

34.8 

1.4 

3.0 

44.5 

—  14.1 

-  6.4 

-5.0 

2,519 

110 

135 

-  36 

-  47 

2, 357 

2,397 

+  40 

+1.7 

35 

38.4 

1.3 

3.3 

37.8 

—  4.0 

-  2.9 

+  18.5 

2,659 

107 

134 

-  16 

+  176 

2,258 

2, 270 

+  12 

+  .6 

0.0 

0.0 

2. 2 

125.0 

-127. 2 

-  71.9 

-216.1 

0 

0 

95 

-406 

-2, 062 

2,373 

2, 253 

-120 

-5.1 

36 

0.0 

0.0 

3.1 

13.4 

-  16.5 

-100. 0 

-179.0 

0 

0 

131 

-565 

-1,708 

2,142 

2,027 

-115 

-5.4 

39 

0.0 

0.0 

2.8 

125.4 

-128.2 

-  88.1 

-174.3 

0 

0 

108 

-498 

-1,  663 

2, 053 

1,946 

-107 

-5.2 

42 

0.0 

0.0 

2.6 

137.7 

-140. 3 

-  73.3 

-213.1 

0 

0 

97 

-414 

-2, 033 

2,350 

2,362 

+  12 

+  .5 

Y 

0.0 

0.0 

2.7 

89.9 

-  92.6 

-  76.6 

-£09.1 

0 

0 

94 

-433 

-1, 995 

2,334 

2,348 

+  14 

+  .6 

0.0 

0.0 

2.7 

98.3 

-101. 0 

-  82.0 

-198.3 

0 

0 

105 

-463 

-1, 892 

2,250 

2, 187 

-  63 

-2.9 

122 


Table  79. — Summary  of  income  and  outgo  of  nitrogen,  carbon, 


Subject  and  kind  of  experiment. 


Nitrogen. 

(b)     (c)  (d) 

T 


Carbon. 


(<0      (/)     (g)     (h)  (0 


Work  experiments. 

Subject  E.O  

....do  

 do  


Days.  Gms. 

4  19.1 

4  19.8 

1  19.3 


Average  3  experiments  with 
E.O. 


Subject  J.  F.S. 

....do  

....do  

....do  

....do  

....do  


Average  6  experiments  with 
J.  F.S. 


Subject  J.  C.  W 

 do  

 do  

 do  

....do  

 do  


Average  14  experiments  with 
J.C.  W. 

Average  23  work  experiments 
with  E.  0.,  J.  F.  S.,  and  J.C.  W. 

Work  experiments  under  exceptional 
conditions. 

Subject  J.C.  W  

 do  


Average  25  work  experiments 
with  E.  O. ,  J.  F.  S. ,  and  J.  C.  W 

Average  47  rest  and  work  ex- 
periments with  E.  O.,  A.W.  S. 
J.F.S.,and  J.C.  W. 
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18 


Gins. 
1.5 
2. 2 
1.3 


Gins. 
16.5 
18.1 
18.2 


Gms. 
+  1.1 
-  .5 


Gms. 
336.7 
373.5 
344.0 


Gms. 
12.4 
20.2 
12.1 


Gms 
12.5 
12.8 
12.4 


Gms 
345.2 
372.  6 
344.7 


351.4 


14.9 


12.6 


16.0 

H 

16.1 
16.1 
16.0 
16.0 


16.0 

17.3 

15.6 

15. 

17.3 

16.7 


-  .8 
-2.1 

-  .3 

-  .8 

-  2.5 

-  1.8 


333.6 
315.1 
321.5 
320. 0 
319.2 
335.7 


8.3 
6.5 
8.1 
12.6 
11.4 
11.6 


11.3 
12.2 
11.0 
11.1 
12.3 
11.8 


16.0,  1.0 


16.4 


1.4 


324.  2 


).8j  11.6 


16.8 
16.9 
17.1 
16.9 
17.1 
17.8 
17.4 
17.0 
17.4 
17.0 
18.7 
17.7 
17.9 
18.3 


17.4 


17.3 


1  11.1 
1  18.4 


17.1 
17.3 


16.9 
20.6 
17.1 
20.3 
19.1 
17.3 
19.3 
16.1 
16.3 
17.4 
16.1 
16.4 
15.4 
17.1 


2.4 
.5 


306.3 
335. 1 
447.0 
401.6 
431.1 
491.8 
436.2 
.9j  434.0 
1.6,  469.3 
445.4 
546.7 
486.7 
547.7 
495. 4 


17.5 


2. 1 


17.2 


13 

18.3 


17.1 
17.3 


452. 4 


405.8 


236.3 
484.7 


402.2 
330.6 


11.7 

13.5 
16.6 
19.6 
19.8 
17.5 
22. 2 
18.9 
18.7 
24.3 
16.5 
19.8 
20.2 
20.9 


18.6 


15.8 


11.1 
20.9 


15.8 
12.9 


12.8 
15.6 
12.4 
14.7 
13.8 
12.5 
13.8 
12.3 
12.5 
13.3 
12.5 
12.2 
11.4 
12.7 


13.0 


12.  6 


10.9 
13.5 


12.6 
12.1 
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hydrogen,  and  energy  in  51  metabolism  experiments,  covering  150  days — Continued. 


Hydrogen. 


Body  mate- 
rial. 


Energy, 


(*) 

(TO) 

(n) 

(o) 

(p) 

(«) 

(r) 

(s) 

(«) 

(V) 

(X) 

(y) 

■d 
o 
o 

M 

<a 
o 
o 

In  urine. 

In    water  apparently 
lost. 

Gain  (  +  )  or  loss  (  — ), 

Protein  gained  (-[-)  or 
lost  (-  ). 

jo 
o 

+  . 

5 ' — 
be 

Of  food. 

DO 
O 

O 

Of  urine. 

Of  body  protein  gained 
(  +  )  or  lost  (-). 

Of  body  fat  gained  (  +  ) 
or  lost  (— ). 

Of    material  actually 
oxidized;  net  income 
r—  (s+t+u+v). 

Measured  as  heat;  net 
outgo. 

Difference  between  net, 
income  and  net  out- 

6 

a> 

02 

Gut*. 

Gms. 

Gms. 

Gms. 

Gms 

Gms. 

Gms. 

Cals. 

Cals.lcals. 

Cals. 

Ceils. 

Cals. 

Cals. 

Co  Is. 

Pr.  ct. 

51.2 

1.8 

3.9 

53.0 

—  75 

+  6.9 

-  48.7 

3,  678 

139 

125 

+  39 

—  464 

3,839 

3,726 

—113 

—2.9 

6 

55. 7 

2.8 

82.7 

—  33  5 

—  3.0 

-  40.1 

3,862 

219 

133 

—  17 

—  382 

3,909 

3,931 

+  22 

+  .6 

11 

55. 4 

1.7 

58.9 

-  8.6 

—  1.0 

-  32.5 

3,881 

136 

130 

—  309 

3, 928 

3,927 

_  l 

0.0 

12 

54. 1 

2.1 

3.7 

134.  * 

-  16.5 

+  1.0 

-  40.4 

3,807 

165 

129 

+  6 

-  385 

3, 892 

3,861 

-  31 

-  .8 

50.  5 

1.2 

3.0 

24.6 

+  21.6 

-  5.0 

-  23.9 

3,487 

93 

134 

—  28 

-  229 

3,517 

3,589 

+  72 

+2.1 

29 

51.  C 

.9 

3.2 

57.2 

-  10.3 

—13. 1 

-  17.2 

3,453 

71 

140 

-  74 

-  164 

3,480 

3,470 

30 

48.8 

1.1 

2.9 

29.5 

4-  15.3 

—  2.3 

-  16.0 

3,495 

91 

129 

—  13 

—  153 

3,441 

3,420 

~« 

-  21 

31 

49.  C 

1.8 

3.0 

71.1 

-  26.9 

—  5.0 

-  35.1 

3,487 

142 

119 

—  28 

—  336 

3, 590 

3,  565 

—  25 

32 

52.C 

1.7 

3.3 

59.0 

  11  5 

 15  4 

-38.9 

3  481 

125 

129 

  gy 

—  371 

3  685 

3  632 

-  53 

1  A 

-1.4 

33 

51.1 

1.7 

3.2 

52.9 

-  6.7 

-11.4 

-  35.5 

3,493 

126 

126 

-  65 

-  338 

3,644 

3, 587 

-  57 

-1.6 

34 

— 

50. 5 



1.  4 

3.1 

49.1 

-  3.1 

-  8.7 

—  27. 8 

3,483 

108 

130 

-  49 

-  265 

3,559 

3,544 

-  15 

-  .4 

54. 0 

1.  6 

3. 2  103. 8 

-54.6 

-10.8 

— 136. 7 

3,  715 

126 

133 

-  61 

-1,  304 

4,  821 

4, 764 

—  57 

-1.2 

ol 

2. 0 

3.9 

74.0 

—  29.5 

-30.5 

—  104. 9 

3,708 

153 

155 

-172 

-1,001 

4,573 

4.477 

-  96 

-2.1 

OQ 
dO 

Ti 

bt.l 

2.4 

3.3 

72.0 

—  10  6 

—13.  6 

— 104.  2 

4,505 

182 

143 

—  994 

5,251 

5,223 

-28 

62. 1 

2. 9 

4.0 

75.0 

-  19.8 

-30.6 

— 102. 8 

4,539 

231 

158 

-173 

-  981 

5, 304 

5,242 

-  62 

-1.2 

41 

0/  .  / 

2. 9 

3.6 

65.4 

-  4.2 

-25. 0 

—  54.  3 

4, 867 

224 

147 

-141 

-  518 

5, 155 

5,205 

+  50 

+1.0 

43 

74  8 

2. 4 

3.3 

63.2 

+  5.9 

-13. 1 

—  4  < .  1 

4,932 

190 

140 

-  74 

-  449 

5,125 

5, 198 

+  73 

+1.4 

44 

67.9 

3.2 

3.6 

94.5 

-  33.4 

-25. 6 

-  69.0 

4,860 

256 

150 

-145 

-  658 

5, 257 

5, 162 

-  95 

—1.8 

45 

59.9 

2.  7 

3.5 

62.6 

-  8.9 

-  5.6 

-71.6 

4,836 

214 

144 

-  32 

-  683 

5,193 

5,238 

+  45 

+  .8 

46 

69.6 

2.6 

3.5 

7  / .  4 

—  14.0 

—  10. 1 

-  78.5 

4,  710 

199 

145 

-  58 

—  749 

5,173 

5, 248 

+  75 

+1.4 

47 

59.4 

3.5 

3.8 

67.9 

-  15.8 

-15.0 

-  83.6 

4,856 

280 

162 

-  85 

-  798 

5, 297 

5,218 

-  79 

-1.5 

48 

82.1 

2.3 

3.5 

61.0 

+  15.3 

+  2.9 

+  9.2 

5, 499 

172 

135 

+  16 

+  88 

5,088 

5,245 

+157 

+3.1 

49 

74.1 

2.9 

3.7 

69.5 

-  2.0 

-  2.1 

-  18.6 

5,476 

228 

128 

-  12 

-  177 

5,309 

5,277 

-  32 

-  .6 

52 

82.8 

2.8 

3.5 

43.3 

+  33.2 

+  1.3 

+  2.1 

5, 478 

218 

128 

+  8 

+  20 

5, 104 

5,178 

+  74 

+1.4 

53 

75. 5 

3.1 

3.9 

96.2 

-27.7 

-  3.3 

-  20.5 

5,  513 

242 

132 

-  19 

-  196 

5,  354 

5, 215 

-139 

-2.6 

54 

67.7 

2.  7 

3.6 

73.3 

-  11.9 

-12.9 

-  62.9 

4,821 

208 

143 

-  73 

-  600 

5,143 

5, 135 

-  8 

61.4 

2.3 

3.5 

65.9 

-  10.2 

-10.0 

-  50.8 

4,340 

176 

138 

-  57 

-  484 

4,567 

4,  554 

-  13 

-  .3 

35.8 

1.6 

3.1 

119.0 

-  87.9 

-25.2 

-193.  6 

2,601 

128 

118 

-142 

-1, 847 

4,344 

4, 134 

-210 

-4.8 

50 

73.9 

3.0 

4.1 

301.2 

-234.4 

-10.0 

-503.1 

5,514 

243 

145 

-  56 

-4,799 

9,  981 

9,314 

-667  -6.7 

55 

60.9 

2.3 

3.5 

77.4 

-  22.3 

-10.6 

-  74.6 

4,317 

177 

137 

-  60 

-  712 

4.775 

4,728 

-  47 

-  .8 

50.4 

1.8 

3.4 

58.9 

-  13.7 

-  7.0 

-  31.0 

3, 541 

144 

136 

-  40 

-  296 

3,597 

3, 577 

-  20  -  .6 
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DEMAND  OF  THE  BODY  FOR  NOURISHMENT — DIETARY  STANDARDS. 


One  of  the  objects  of  these  experiments  is  to  accumulate  informa- 
tion regarding  the  demands  of  the  bod}r  for  food  with  different  per- 
sons and  under  different  conditions  of  rest  and  work,  and  data  bearing 
upon  these  questions  are  found  in  them  all.  The  detailed  tables  of 
the  Appendix  (Nos.  110-116)  show  the  total  amounts  and  the  composi- 
tion of  the  food,  drink,  and  excretory  products.  The  figures  in  Table 
80  summarize  very  briefty  some  of  the  principal  results. 

Table  80. — Income  and  outgo  of  material  and  energy,  and  gains  or  losses  of  protein  and 

fat — Amounts  per  day. 


Subject,  duration,  and  character  of  experiments. 


Nitro- 
gen. 


Carbon. 


Energy 


Protein 
(Nx  6.25). 


Best  experiments. 
E.  O.,  13  experiments,  42  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (  — )  in  body  

A.  W.  S.,  4  experiments,  9  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (— )  in  body  

J.  F.  S.,  4  experiments,  12  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (— )  in  body  

J.  C.  W.,  1  experiment,  4  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (  — )  in  body  

E.  O.,  A.  W.  S.,  J.  F.  S.,  J.  C  W.,  22  experiments 
average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (  — )  in  body  

Work  experiments. 
E.  0.,  3  experiments,  12  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (  — )  in  body  

J.  F.  S.,  6  experiments,  18  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (— )  in  body  

J.  C.  W.,  14  experiments,  46  days,  average: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (  — )  in  body  

E.  0.,  J.  F.  S.,  J.  C  W.,  23  experiments,  76  days,  av- 
erage: 

In  digested  food  

In  material  oxidized  

Gain  (  +  )  or  loss  (— )  in  body  


Grams. 
17.4 
18.0 


Grams. 
230.5 
217.9 


Calories. 
2,443 
2,282 


-0.6      +  12.6 


14.5 
15.1 


220.5 
214.8 


5.7 


15.2 
15.7 


0.5 


14.8 
15.8 


16.5 
17.1 


0.6 


17.7 
17.6 


+  0.1 


15.0 
16.4 


15.4 
17.5 


223.  7 
205.4 


+  18.3 


214.3 
221.5 


227.0 
215.5 


324.0 
354.2 


302.9 
328.7 


417.2 
474.4 


2.1      -  57.2 


375.4 
420.9 


2, 375 
2, 305 


2, 352 
2,119 


2,274 
2,357 


2,408 
2,260 


3, 513 
3,892 


3,245 
3, 560 


4, 416 
5, 120 


3, 996 
4,556 


Grams. 
108.8 
112.5 


1.7 


90.6 
94.4 


-3.8 


95.0 
98.1 


92.5 
98.8 


103.1 
106.9 


110.6 
110.0 


93.7 
102.5 


96.3 
109.4 


108.1 


-  10.0 
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Bv  "digestible  food"  or  "digested  food"  referred  to  in  the  above 
table  is  understood,  as  explained  earlier,  the  total  food  less  the  feces — 
in  other  words,  the  sum  of  the  nutrients  which  the  bod}'  utilizes  for 
the  building*  of  tissue  and  the  production  of  energy.  No  correction 
is  introduced  for  metabolic  products  in  the  feces,  since  these  were 
derived  originally  from  the  food  (or  body  tissue),  and  are  a  necessary 
accompaniment  of  undigested  material.  The  available  energy  of  the 
food  is  the  total  heat  of  combustion  of  the  food  minus  the  heat  of 
combustion  of  the  unoxidized  materials  of  feces  and  urine.  No  further 
correction  for  the  labor  of  chewing  and  digesting  is  included.  It  is 
assumed  that  the  quantity  of  carbohydrates  in  the  body  is  the  same  at 
the  beginning  as  at  the  end  of  the  experiment.  The  gains  and  losses 
of  body  protein  and  body  fat  are  computed  from  the  gains  and  losses 
of  the  nitrogen  and  carbon  by  the  method  previously  described. a 
Accordingly  the  figures  show  the  average  daily  amounts  of  digestible 
protein  and  available  energy  supplied  by  the  food  and  the  amounts 
actually  used  by  the  body  when  the  subject  had  a  minimum  amount  of 
exercise  and  when  he  was  engaged  in  decidedly  active  muscular  work. 

The  materials  actually  oxidized  in  the  body  are  the  digested  nutrients 
of  the  food,  minus  the  protein  or  fat  gained  or  plus  the  protein  or  fat 
lost  by  the  body.  The  data  thus  show  very  clearly  the  demands  of 
the  body  for  nutritive  material  under  the  different  conditions  and  the 
increase  in  the  demand  which  accompanied  the  performance  of  muscular 
work. 

These  experiments  simply  show  the  quantities  of  material  and  energy 
metabolized  by  a  small  number  of  men  under  specific  conditions  of 
work  and  rest.  The  bearing  of  these  data  upon  the  general  subject 
of  dietary  standards  can  be  more  advantageously  discussed  when  it  is 
possible  to  take  into  account  not  only  these  and  other  experiments 
with  men  in  the  respiration  calorimeter,  but  also  a  large  number  of 
experimental  inquiries  and  observation  of  dietary  usage  of  people  of 
different  classes  and  occupations  in  different  countries. 

There  is  no  doubt  that  in  many  cases  the  body  can  be  maintained  in 
nitrogen  and  carbon  equilibrium  with  much  smaller  quantities  of 
nitrogen  and  energy  than  those  actually  used  by  any  of  the  men  in 
these  experiments.  It  is  equally  certain  that  in  other  cases  the  require- 
ments are  much  larger.  The  tentative  standards  for  daily  diet  which 
have  been  proposed  by  a  number  of  investigators  have  served  a  useful 
purpose,  but  they  will  doubtless  have  to  be  modified  as  the  funda- 
mental data  become  more  exact  and  numerous. 

One  principle  which  thus  far  has  not  received  adequate  recognition 
in  dietary  standards  may  perhaps  be  expressed  by  saying  that  the 
standard  must  vary  not  ox\\y  with  the  conditions  of  activity  and  envi- 
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ronruent,  but  also  with  the  nutritive  plane  at  which  the  body  is  to  be 
maintained.  A  man  may  live  and  work  and  maintain  bodily  equi- 
librium on  either  a  higher  or  lower  nitrogen  level  or  energy  level, 
but  the  essential  question  is,  What  level  is  most  advantageous  ?  The 
answer  to  this  must  be  sought  not  simply  in  metabolism  experiments 
and  dietary  studies,  but  also  in  broader  observations  regarding  bodily 
and  mental  efficiency  and  general  health,  strength,  and  welfare.  This 
question  is  discussed  in  more  detail  elsewhere. a 

These  experiments  show  the  exact  quantities  of  protein  and  energy 
katabolized  in  the  bodies  of  young,  healthy,  active  men  under  different 
conditions  of  food  and  fasting,  work  and  rest. 

Table  81  shows  the  quantities  of  protein  and  energy  supplied  per 
person  per  day,  and  calculated  values  for  the  corresponding  quan- 
tities supplied  per  kilogram  of  body  weight  and  square  meter  of  body 
surface. 


Table  81. — Protein  and  energy  katabolized  daily  per  person,  per  kilogram  of  body  weight 
and  per  square  meter  of  body  surface  in  experiments  Nos.  5-55. 


Subject  and  kind  of 
experiment. 

*  1 

CP 

Energy  of  external 
muscular  work. 

In  material  oxidized. 

Number  of  exp 
ment. 

Duration. 

Per  person. 

Per  kilogram  of 
body  weight. 

Per  square  meter 
of  body  surface. 

Trotein 
(NX6.25). 

be 

<u 

a 
w 

Protein 
(Nx  6.26). 

Energy. 

Protein 
(NX6.25). 

Energy. 

Rest,  fasting: 

J.  C.  W.,  average  

4 

Days. 

5 

Calories. 

Grams. 
82.0 

Calories. 
2,250 

Grams. 
1.08 

Calories. 
29.6 

Grams. 
37.1 

Calories. 
1,018 

Rest,  food  generally  suffi- 
cient for  maintenance: 

E.  0.,  average  

A.  W.  S.,  average  

13 
4 
4 
1 

42 
9 

12 
4 

112.5 
94.4 
98.1 
98.8 

2,282 
2, 305 
2,119 
2, 357 

1.61 

1.35 
1.51 
1.30 

32.6 
32.9 
32.6 
31.0 

53.8 
45,2 
49.3 
44,7 

1,092 
1,103 
1,065 
1,067 

J.  E.  S.,  average  

J.  C.  W.,  average  

Average  of  all  

22 

67 

106.9 

2,260 

1.54 

32.5 

51.4 

1,087 

Work,  8  hours,  food  gen- 
erally not  quite  suffi- 
cient for  maintenance: 

J.  F.  S.,  average  

J.  C.  W.,  average  

Average  of  all  

Work,  16  hours,  food  in- 
sufficient for  mainte- 
nance: 

J.  C.  w  

3 
6 
14 

12 
18 
46 

214 
233 
546 

110.0 
102.  5 
109.4 

3,892 
3,560 
5, 120 

1.57  '  55.6 

1.58  54.8 
1.44  j  67.8 

52.6 
51.5 
49.5 

1,863 
1,789 
2, 317 

23 

76 

419 

108.1 

4,556 

1.49 

62.9 

50.5 

2, 129 

1 

1 

1,  482 

114. 4 

9,981 

1.51 

131.3 

51.8 

4,526 

The  results  may  be  considered  with  relation  to  the  quantities  of  total 
food,  protein,  and  energy  katabolized  under  the  different  conditions. 
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The  quantities  of  total  food  in  all  the  experiments,  except  the  earlier 
ones  with  E.  O.  and  those  with  O.  F.  T. ,  were  rather  small,  the  idea 
being  that  the  body  would  utilize  its  food  more  economically  with  a 
limited  than  with  an  excessive  supply.  In  the  rest  experiments  the 
food  was  nearly  or  quite  sufficient  to  maintain  nitrogen  and  carbon 
equilibrium  during  the  periods  of  the  metabolism  experiments. 

In  the  work  experiments  the  supply  was  generally  not  quite  sufficient 
for  maintenance,  and  in  some  of  the  experiments,  especially  those  with 
J.  C.  W.,  it  fell  considerably  short  of  meeting  the  demand.  The 
drafts  upon  body  material,  as  shown  in  Table  79,  indicate  the  extent 
to  which  the  demand  for  metabolizable  material  exceeded  the  supply 
in  the  food. 

The  supply  of  protein  in  the  earlier  experiments  with  E.  O.  and 
O.  F.  T.,  and  indeed  in  the  rest  experiments  with  A.  W.  S.  and  J.  C.  W. 
also,  was  intended  to  approach  more  or  less  nearly  to  the  quantity  to 
which  the  subjects  were  ordinarily  accustomed,  though  in  every  case 
it  was  purposely  made  small  rather  than  large.  The  period  of  the  pre- 
liminary digestion  experiment,  which  preceded  the  metabolism  experi- 
ment, was  depended  upon  to  bring  the  body  into  approximate  nitrogen 
equilibrium  in  the  rest  experiments  and  in  some  of  the  earlier  work 
experiments.  In  the  later  work  experiments,  especially  those  with 
J.  C.  W.,  the  quantit}7  of  protein  was  intended  to  be  a  little  less  than 
needed  for  nitrogen  equilibrium.  The  reason  for  making  the  supply 
of  protein  so  small  is  found  in  one  of  the  purposes  of  the  experi- 
ments, which  was  to  compare  the  relative  efficiency  of  the  nonnitrog- 
enous  materials  of  the  ration.  It  was  thought  that  the  action  of  these 
latter  might  perhaps  be  partially  obscured  with  an  abundant  supply  of 
protein.  It  was  with  this  same  general  idea  that  the  whole  food  supply 
was  made  small  rather  than  large.  Considering  that  the  body  has  a  well- 
proved  power  of  adapting  the  output  of  nitrogen  to  the  income,  within 
wide  limits,  it  is  evident  that  the  quantities  of  protein  katabolized  in 
these  experiments  can  not  be  taken  as  an  exact  measure  of  the  normal 
permanent  demand  of  these  subjects  for  protein  in  the  daily  food;  and 
still  less  can  they  be  taken  as  the  measure  of  the  average  permanent 
demand  for  men  in  general  with  corresponding  muscular  activity. 

The  case  with  the  supply  and  consumption  of  energy  is  somewhat 
but  not  wholly  similar.  The  supply  was  nearly  or  quite  sufficient  in 
the  rest  experiments,  but  in  the  work  experiments,  especially  those 
with  J.  C.  W.,  it  was  so  small  that  the  body  made  considerable  drafts 
upon  its  reserve  store  of  both  nonnitrogenous  and  nitrogenous  com- 
pounds. How  much  of  the  loss  of  body  protein  is  to  be  ascribed  to 
the  lack  of  protein  and  how  much  to  the  lack  of  total  energy  in  the 
diet  it  is  impossible  to  say.  Special  experiments  with  different  quanti- 
ties of  both  protein  and  energy  would  be  required  to  settle  this  ques- 
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tion.  As  regards  the  energy,  however,  the  case  is  perhaps  less 
obscure.  It  is  safe  to  say  that  the  body  requires  a  given  amount  of 
total  energy  for  sustenance  and  for  the  production  of  a  given  amount 
of  muscular  work  and  that  this  demand  varies  more  or  less  with  the 
amount  of  muscular  activity.  It  is  "fair  to  assume  also  that  when  the 
energy  of  the  food  does  not  meet  the  needs  of  the  body  it  will  draw 
upon  such  reserve  materials  as  it  can  most  conveniently  utilize.  The 
general  testimony  of  metabolism  experiments  is  to  the  effect  that  the 
principal  draft  will  be  upon  the  nonnitrogenous  materials  as  long  as 
these  last,  or  until  their  quantity  is  so  reduced  that  the  body  can  not 
well  avail  itself  of  more.  In  these  experiments  where  the  energy  of 
the  food  was  deficient  the  body  lost  some  protein,  but  more  fat,  and 
in  so  far  as  can  be  judged  by  so  limited  data  facts  are  in  accord  with 
theory. 

The  question  now  arises,  Can  the  quantities  of  energy  katabolized 
in  these  experiments  be  taken  as  the  measure  of  the  normal  permanent 
demand  for  equivalent  muscular  activity  ?  This  involves  the  question 
of  the  extent  to  which  the  bod}^  can  adapt  its  consumption  of  energy 
to  the  supply  in  the  food,  the  muscular  activity  remaining  the  same. 
It  has  such  a  power  of  adaptation  for  protein,  though  just  what  are 
the  circumstances  under  which  it  can  exercise  this  adaptive  power, 
and  to  what  extent  and  for  how  long  a  time  it  can  do  so,  the  informa- 
tion now  available  does  not  determine.  It  would  seem,  however,  that 
there  must  be  a  more  nearly  constant  ratio  between  muscular  activity 
and  energy  katabolism  than  between  such  activity  and  the  katabolism 
of  protein.  Nor  would  this  hypothesis  conflict  with  the  theory  advo- 
cated by  Zuntz,a  that  the  normal  and  permanent  demand  for  protein 
varies  with  the  intensity  of  the  muscular  activity. 

If  the  above  reasoning  be  correct — and  this  is  not  wholly  certain — 
the  amounts  of  the  energy  katabolized  in  the  experiments  here 
reported  may  be  taken  as  at  least  approximate  indications  of  the 
normal  and  permanent  requirements  of  these  particular  men  for  cor- 
responding grades  of  activity. 

In  short,  it  would  seem  probable  that  the  quantities  of  protein  kata- 
bolized in  these  experiments  are  rather  smaller  than,  and  the  quantities 
of  energy  are  more  nearly  equivalent-to,  those  that  would  be  perma- 
nently required  by  the  same  men  for  normal  nutrition  under  conditions 
of  work  and  rest  similar  to  those  of  the  experiments;  but  a  great  deal 
more  experimenting  will  be  needed  for  proof  that  such  is  the  case. 

ELIMINATION  OF  CARBON  DIOXID,  WATER,  AND  HEAT. 

In  the  experiments  with  J.  C.  W.  the  elimination  of  carbon  dioxid, 
water,  and  heat  was  determined  by  two-hour  periods,  and  the  statistics 
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are  accordingly  quite  extensive.  Similar  statistics  for  the  other  sub- 
jects are  less  detailed,  as  the  periods  were  of  six  hours  each.  The 
statistical  details  of  the  experiments  with  J.  C.  W.  are  found  in  the 
Appendix  to  the  present  report.  Those  for  the  other  experiments 
are  given  in  detail  in  the  publications  referred  to  in  the  chronological 
list  of  the  experiments  on  page  101.  The  present  discussion  is  con- 
fined to  such  tabular  summaries  and  brief  explanations  of  the  results 
obtained  as  are  needed  to  give  an  outline  of  the  main  results. 

Of  the  experiments  with  J.  C.  W.,  No.  50,  of  one  day's  duration, 
was  exceptional,  as  only  one  meal  was  eaten  and  the  work  continued 
only  part  of  the  day;  No.  55  was  also  exceptional,  for  the  reason  that 
the  work  was  continued  for  16  hours,  and  also  because  of  errors  in 
the  determinations  of  water  and  heat  eliminated,  as  explained  elsewhere 
(page  89).  Accordingly  the  figures  for  these  experiments  are  omitted 
in  making  up  most  of  the  summary  tables  and  averages,  although  the 
values  for  experiment  No.  50  are  included  in  the  averages  for  carbon 
dioxid  and  water  elimination  here  discussed. 

Of  the  experiments  with  the  other  subjects  Nos.  12,  15,  16, 17,  and 
22,  with  E.  O.;  Nos.  18,  19,  and  20,  with  A.  W.  S.,  and  Nos.  27,  30, 
and  33,  with  J.  F.  S. ,  are  also  omitted,  as  they  belong  with  another 
inquiry. 

As  explained  earlier,  the  experiments  were  made  under  widely  dif- 
ferent conditions  of  work  and  rest  and  food  and  fasting.  The  divi- 
sions of  the  daily  observations  into  short  periods  makes  it  possible  not 
only  to  compare  the  results  for  the  daytime  with  those  for  the  night, 
but  also  to  show  the  elimination  of  carbon  dioxid,  water,  and  heat  for 
the  second  half  of  the  night,  when  the  bodily  functions  are  apparently 
least  active.  The  figures  for  the  latter  period  are  of  especial  interest 
as  indicating  the  rates  of  metabolism  of  matter  and  energy  when  only 
internal  physiological  work  is  being  done  by  the  body  and  that  work 
is  at  its  lowest.  In  studying  the  tables  in  which  the  results  are  given 
in  detail  and  those  in  which  they  are  summarized  it  will  be  interest- 
ing to  compare  the  rates  of  elimination  of  the  night  and  day  periods 
in  the  experiments  with  rest  without  food  (fasting),  rest  with  food, 
and  work  with  food. 

Elimination  of  carbon  dioxid. — The  carbon  dioxid  given  off  from 
the  body  is  produced  by  the  oxidation  of  the  carbon  of  the  food  and 
body  material,  and  hence  serves  as  a  measure  of  the  amount  of  that 
oxidation.  The  quantity  given  off  in  the  urine  and  feces  is  very  small 
indeed  and  is  here  neglected,  that  given  off  by  the  lungs  and  skin  being 
taken  as  representing  the  total  elimination.  The  accuracy  with  which 
the  carbon  dioxid  eliminated  for  a  given  period  measures  the  pro- 
duction for  that  period  depends  upon  the  amount  of  time  which  elapses 
between  the  production  of  the  carbon  dioxid  in  the  body  and  its  elimi- 
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nation  by  the  lungs  and  skin.  There  seems  to  be  no  physiological 
reason  for  doubting-  the  possibility  of  a  slight  delay  in  elimination,  i.  e., 
a  ""lag,"  of  carbon  dioxid;  however,  the  data  of  these  experiments 
seem  to  warrant  the  deduction  that  the  elimination  follows  almost 
immediately  upon  the  production,  that  is,  that  the  quantities  measured 
in  any  given  period  are  those  actually  produced  daring  that  period. 

The  output  of  carbon  dioxid  in  2,  6,  and  24  hour  periods  with 
J.  C.  W.  is  shown  in  detail  in  Table  119  of  the  Appendix,  and  sum- 
marized for  2,  6,  12,  and  24  hour  periods  in  Table  82  herewith. 


Table  82. — Carbon  dioxid  eliminated  during  2-hour  periods  in  20  metabolism  experiments 

with  J.  C.  W. 


Period. 

Rest  experiments  Nos.  36,  39,  42, 
and  51  without  food. 

Rest  experiment  No.  35  with  food. 

Minimum. 

Maximum. 

Average . 

Minimum. 

Maximum. 

Average. 

7  a.  ra.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

Total,  6  hours  

I  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  12  hours  

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  in  

II  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

Grams. 
66. 5 
49.1 
51.2 

Grams. 
76.4 
67.8 
61.8 

Grams. 
72.6 
60.6 
56.4 

Grams. 
86.3 
70.3 
60.1 

Grams. 
94.0 
76.4 
69.6 

Grams. 
90.2 
73.6 
66. 6 

176.9 

202. 8 

189.6 

219. 8 

238.0 

230.4 

51.4 
50.6 
50.0 

66. 8 
59.2 
63.2 

59.8 
55.7 
57.1 

81.9 
66.7 
67.3 

90.0 
73.8 
85.5 

85.9 
70.9 
75.2 

155.  7 

186. 0 

172. 6 

222. 4 

242.2 

232. 0 

332. 6 

388.8 

362. 2 

454.2 

472.5 

462.4 

51.9 
48.0 
47.9 

66.7 
57.6 
54.9 

61.9 
53.5 
51.8 

59.4 
67.7 
49.5 

76.8 
72.8 
66.0 

67.6 
69.5 

147.8 

178.5 

167.  2 

192.4 

203.5 

196.6 

42.4 
44.8 
49.9 

49.1 
50.8 
56.2 

46.3 
47.5 
52.9 

44.4 
49.4 
48.0 

54.5 
54.0 
53.2 

50.2 
51.9 
51.0 

139.3 

151.  7 

146.7 

141.8 

161.7 

153.1 

287.1 

330.2 

313.9 

338.6 

359.2 

349.7 

619.7            711.1  676.1 

807.7 

821.2 

812.1 
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Table  82. — Carbon  dioxid  eliminated  during  2-hour  periods  in  20  metabolism  experiments 
with  J.  C.  W. — Continued. 


Period. 


Work  experiments  Nos.  37,  Work  experiments  Nos.  38, 
40,  44,  47,  49,  and  53  with  41,  43,  45,  46,  48,  52,  and  54 
carbohydrate  diet.  with  fat  diet. 


Mini- 
mum. 


Maxi- 
mum. 


Average.  ™£ 


Average. 


Extra 
severe 

work 
experi- 
ment No. 
55  with 
fat  diet. 


7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.m.. 
11  a.  m.  to  1  p.  m  .. 

Total,  6  hours 


I  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6 hours.. 

Total,  12  hours. 

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  

II  p.  m.  to  1  a.  m  

Total,  6 hours.. 


1  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6 hours.. 

Total,  12  hours. 

Total,  24  hours. 


Grams. 
158. 2 
211.0 
185. 1 


578.6 


156.1 
232. 6 
177.1 


,-,sn.s 


85.7 
82.5 
53.8 


223.9 


47.4 
42.7 
49.8 


144.7 


368.  6 


Grams. 
202.7 
313.9 
299.2 


Grams. 
177.1 
276.1 
240.8 


Grams. 
123.5  | 
197.8  ! 
181.2  r 


Grams. 
195.9 
313.6 
256.3 


Grams. 
163.9 
259.1 
219.3 


Grams. 
244.5 
331.4 
331.1 


775. 0 


694.0 


533.  9 


715.8  642.3 


232.5 
315.  9 
283.4 


Mil).  1 


1,521.7 


128.0 
106.7 
75.3 


).3 


194.1  i 

282.8 

228.7 


145.2 
204.9 
176.6 


224.9 
319.  5 
251.1 


179.2 
248.9 
206.7 


705.6  535.0 


1,399.6  i  1,075.8 


103.8 
93.4 
62.9 


67.5 
69.1 
52.6 


260.1 


197.9 


62.2 
61.9 


182.0 


52.8 
52.7 
55.6 


50.4 
41.9 
46.0 


161.1 


141.  2 


480.5 


421.2 


348.9 


749.9  634.8 


1,382.8  I  1,27 


102.7 
91.1 
67.2 


89.9 
80.3 
60.1 


254.  0 


230.3 


56.2 
60.3 


173.2 


423.7 


1,955.5  1,820.1 


1,424.7 


54.7 
50.8 
52.1 


157.6 


387. 


1, 665.  0 


907.0 


225. 3 
320. 4 
275.6 


821.3 


1,  728. 3 


242.3 
322.5 
277.9 


842.7 


73.1 
167.2 
262.3 

502  6 


1.345.; 


3, 073. 6 


The  figures  of  Table' 82  are  self-explanatory,  but  reference  to  some 
special  features  will  be  in  place.  The  differences  in  output  of  carbon 
dioxid  are  wider  in  these  experiments  than  in  previous  ones,  which 
were  made  with  other  subjects.  This  may  be  explained  by  the  fact 
that  J.  C.  W.  was  a  larger  and  heavier  man  than  any  of  the  others; 
that  the  differences  in  diet  were  wider,  and  that  the  amounts  of  exter- 
nal muscular  work  were  larger  in  these  experiments  than  in  those  with 
the  other  subjects. 

The  comparative  uniformity  in  the  amounts  of  carbon  dioxid  elimi- 
nated in  the  second  half  of  the  night,  i.  e.,  the  6  hours  from  1  a.  m.  to 
7  a.  m.,  is  likewise  worthy  of  mention.  In  experiment  No.  55,  which 
continued  for  only  one  day,  the  subject  worked  16  hours,  as  compared 
with  8  hours  in  the  other  work  experiments.  The  fact  that  part  of  this 
work  was  done  at  night  accounts  for  the  larger  elimination  during  the 
corresponding  night  periods.  (See  Table  119  of  Appendix.)  He  was 
off  the  machine  from  1  a.  m.  to  1  a.  in.,  and  slept  part  of  this  period, 
and  the  elimination  was  reduced,  as  the  figures  show.  Considering 
the  experiments  other  than  No.  55,  the  lowest  rate  of  elimination 
was  generally  in  the  two  periods  from  1  a.  m.  to  5  a.  m. ,  which  was 
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the  time  of  soundest  sleep.  In  these,  as  in  other  experiments,  it  Las 
been  noticed  that  the  elimination  of  carbon  dioxid,  like  that  of  heat, 
diminishes  as  the  sleep  is  more  sound,  and  increases  as  the  subject  is 
more  restless  in  the  sleeping  hours. 

The  experiments  with  J.  C.  W.  and  those  with  the  other  subjects 
are  summarized  together  in  Table  83.  It  will  be  remembered  that  all 
the  subjects  were  young,  active,  healthy  men.  Aside  from  the  fact 
that  J.  C.  W.  was  somewhat  larger  than  the  others  (see  page  98),  did 
more  work  in  the  work  experiments,  and  consequently  ate  more  food, 
there  was  nothing  in  their  personal  characteristics,  so  far  as  we  have 
observed,  which  would  lead  us  to  expect  any  differences  in  their 
metabolism  of  carbon. 


Table  83. — Carbon  dioxid  eliminated  by  lungs  and  skin — Average  amounts  per  day  and 
rates  and  proportions  in  different  periods  in  metabolism  experiments  with  different 
subjects. 


2  . 

n 

5  CO 

Rate  per  hour. 

Proportion  of  total  for  24 
hours. 

Subject  and  kind  of 
experiment. 

£  fH 

O  3 

as 

Day  periods. 

Night  periods. 

Aver- 

Day periods. 

Night  periods. 

Days  c< 
exper 

Total  a 
24  ] 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

age 
for  24 
hours. 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

Rest  experiments  with 

food. 

6ms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Per  ct. 

Per  ct. 

Perct. 

Per  ct. 

E.  0.,  9  experiments. . . 

33 

803 

37.9 

37.4 

36.2 

22.3 

33.9 

28.3 

28.0 

27.1 

16.6 

A.  W.  S.,  1  experiment. 

3 

797 

39.8 

37.1 

32.8 

23.2 

33.2 

29.9 

27.9 

24.7 

17.5 

J.  F.  S.,  3  experiments. 

9 

762 

37.0 

36.1 

31.6 

22.3 

31.8 

29.1 

28.4 

24.9 

17.6 

J.  C.  W.,  1  experiment. 

4 

812 

38.4 

38.7 

32.8 

25.5 

33.8 

28.4 

28.6 

24.2 

18.8 

Average  of  14  ex- 
periments   

49 

796 

37.9 

37.2 

34.9 

22.6 

33.5 

28.6 

28.1 

26.3 

17.0 

Rest  experiments,  fast- 
ing. 

J.C.W.,  4  experiments. 

5 

676 

31.6 

28.8 

27.9 

24.6 

27.3 

28.0 

25.5 

24.7 

21.8 

Work  experiments  with 
food. 

E.  0.,  2  experiments... 

8 

1,316 

78.4 

79.5 

38.4 

23.1 

54.8 

35.7 

36.3 

17.5 

10.5 

J.  F.  S.,  4  experiments. 

12 

1,212 

73.6 

74.7 

31.3 

22.3 

50.5 

36.5 

37.0 

15.5 

11.0 

J.  C.W.,  15  experiments 

47 

1,732 

111.2 

110.3 

40.7 

26.5 

72.2 

38.5 

38.2 

14.1 

9.2 

Average  of  21  ex- 
periments . . 

67 

1,589 

100.5 

100.2 

38.7 

25.3 

66.2 

38.0 

37.9 

14.6 

9.5 

In  this  table  the  quantities  of  carbon  dioxid  eliminated  in  the  differ- 
ent periods  are  compared,  not  only  by  weights  but  also  by  percentages 
of  the  amounts  for  the  whole  day.  The  only  experiments  with  fasting 
were  with  J.  C.  W.  In  these  the  daily  metabolism  of  carbon  was  a 
little  smaller  than  in  the  corresponding  rest  experiments  with  food, 
but  the  amounts  for  the  second  half  of  the  night  are  nearly  the  same 
with  fasting  as  with  food.  It  will  be  remembered  that  the  fasting 
experiments  immediately  followed  those  with  food. 

The  average  daily  amount  of  external  muscular  work  performed  by 
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each  subject  has  already  been  shown.  (See  page  126.)  The  differences 
in  daily  carbon  metabolism  between  the  work  and  rest  experiments  are 
very  large.  As  will  be  seen  later  (page  131),  this  difference  is  equally 
marked  in  the  elimination  of  water  and  the  transformation  of  energy. 
In  fact,  these  experiments  as  a  whole  afford  a  very  clear  demonstra- 
tion of  the  increase  of  metabolism  with  an  increase  of  external  mus- 
cular work.  The  average  daily  amount  of  carbon  dioxid  eliminated  in 
the  work  experiments  here  tabulated  was  just  about  twice  as  much  as 
in  the  rest  experiments.  The  extra  elimination  in  the  work  experi- 
ments was  confined  almost  wholly  to  the  day  periods  when  the  work 
was  done.  During  the  night  periods  it  was  only  a  little  larger  in  the 
work  experiments  than  in  the  rest  experiments.  In  the  different  tests 
the  amounts  were  more  nearly  equal  in  the  second  half  of  the  night 
than  in  the  first  half.  The  average  rate  of  elimination  of  carbon  dioxid 
by  the  four  subjects  between  1  a.  m.  and  7  a.  m.  was  22.6  grams  per 
hour  in  the  rest  experiments  and  25.3  grams  per  hour  in  the  work 
experiments,  the  latter  figures  being  doubtless  increased  somewhat  by 
the  large  number  of  experiments  with  J.  C.  W.,  whose  average  rate 
was  noticeably  greater  than  that  of  the  other  subjects.  The  smaller 
of  these  figures  may,  perhaps,  be  taken  as  an  approximate  measure 
of  the  oxidation  of  carbon  in  the  body  of  a  healthy,  active  man  when 
bodily  activity  is  at  its  lowest. 

Elimination  of  water. — The  water  taken  into  the  body  in  the  food 
and  drink  and  formed  within  it  by  oxidation  of  hydrogen  is  excreted 
by  the  intestines,  kidneys,  lungs,  and  skin.  The  amount  in  the  feces 
is  small.  That  eliminated  by  the  kidneys  varies  with  the  amounts 
taken  in  the  food  and  drink  and  eliminated  in  the  respiration  and  per- 
spiration, and  is,  in  consequence,  very  irregular.  The  amount  given 
off  by  the  lungs  and  skin  appears  to  depend  largely  upon  the  muscu- 
lar activity  of  the  subject  and  the  temperature  of  the  surrounding  air, 
and  to  be  little  affected  by  the  income  in  food  and  drink. 

Total  income  and  outgo  of  ivater. — Table  122  of  the  Appendix  com- 
pares the  daily  income  of  water  in  food  (including  milk)  and  drink 
with  the  outgo  in  feces,  urine,  respiratory  products,  and  perspiration 
in  the  experiments  with  J.  C.  W.  The  maximum,  minimum,  and 
average  daily  rates  of  income  and  outgo  are  summarized  in  Table  81 
herewith,  which  also  compares  the  averages  for  this  subject  and  the 
subjects  of  earlier  experiments.  It  will  be  noted  that  the  amount  pro- 
duced by  the  oxidation  of  hydrogen,  which  mig-ht  be  reckoned  as  part 
of  the  income,  is  not  taken  into  account. 
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Table  84. — Daily  income  and  outgo  of  water  in  metabolism  experiments. 


Subject  and  kind  of  experiment. 


Days 
cov- 
ered by 
experi- 
ments. 


Income. 


Outgo. 


In  food. 


In 
drink. 


Total. 


In 

feces. 


In 
urine. 


In  res- 
piration 

and 
perspi- 
ration. 


Experiments  with  J.  C.  W. 

4  rest  experiments,  fasting: 

Maximum  per  day  

Minimum  per  day  

Average  per  day  

1  rest  experiment  with  food: 

Maximum  per  day  

Minimum  per  day  

Average  per  day  

14  work  experiments  with  food: 

Maximum  per  day  

Minimum  per  day  

Average  per  day  

Rest  experiments  with  food. 

E.  O..  9  experiments  

A.  W.  P.,  1  experiment  

J.  F.  S.,  3 experiments  

J.  C.  W.,  1  experiment  

Average  of  14  experiments . . 

Work  experiments  with  food. 

E.  0.,  2  experiments  

J.  F.  S.,  4  experiments  

J.  0.  \Y.,  14  experiments  

Average  of  20  experiments.. 


Grams. 


12 


922 
922 
922 

2,917 
702 
1,921 


Grams. 
1,950 
750 
1,183 

1,000 
1,000 
1,000 

2,950 
1,500 
2,329 


Grams. 
1, 950 
750 
1.183 

1,922 
1, 922 
1, 922 

5, 092 
2, 602 
4, 250 


78 
78 
78 

215 
79 
156 


Grams. 
1,687 

728 
1,198 

1,452 
1,184 
1,364 

2, 648 
711 
1,493 


Grams. 
1,018 


1,037 


1,055 
922 


1, 022 


1,168 
975 
1,-921 


1,407 
1, 385 
833 
1,000 


1,267 


1,603 
1, 250 
2,329 


1 ,  U58 


2,  045 


2,444 
2,275 
1,888 
1,922 


,  2X1) 


2,771 
2,225 
4,250 


3,703 


59  1, 808 

46  1, 742 

52  1,220 

78  1, 364 


58     1, 660 


96  1,011 
52  905 
156     1, 493 
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1, 328 


It  is  to  be  remembered  that  there  was  considerable  milk  in  the  diet 
of  experiments  Nos.  5-34  and  a  large  amount  of  milk  and  cream  in 
the  experiments  with  fat  diet  with  J.  C.  W.,  and  that  these  materials 
are  considered  as  food  rather  than  drink.  How  the  amounts  of  water 
in  food  and  drink  in  these  experiments  would  compare  with  those  in 
the  average  diet  of  people  in  general  it  is  impossible  to  say. 

In  the  rest  experiments  the  average  amounts  of  water  in  respiration 
and  perspiration  were  larger  with  E.  O.  than  with  either  the  other 
subjects.  The  number  of  experimental  days  with  E.  O.  was  twice  as 
large  as  with  all  the  rest  together.  The  averages  in  the  tables  are 
reckoned,  as  usual,  on  the  basis  of  the  actual  number  of  da}rs,  rather 
than  by  averaging  the  averages  of  the  separate  experiments.  By  this 
reckoning  the  general  average  per  day  is  935  grams.  The  general 
average  as  computed  by  averaging  the  averages  for  the  individual 
subjects  would  be  887  grams. 

The  differences  in  the  intake  of  water  in  the  rest  experiments  are 
wide,  and  since  the  output  in  respiration  and  perspiration  and  in  the 
feces  is  rather  uniform,  there  are  naturally  wide  variations  in  quanti- 
ties of  the  urine,  which  contains  the  water  not  otherwise  excreted. 
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In  the  work  experiments  the  amounts  of  food  and  drink  were  much 
larger  than  in  the  rest  experiments,  and  the  intake  of  water  was  cor- 
respondingly larger.  The  water  of  respiration  in  the  work  experi- 
ments with  E.  O.  and  J.  F.  S.  was  from  two  to  two  and  one-half  times 
as  large  as  in  the  rest  experiments,  while  with  J.  C.  W. ,  who  did  more 
work  than  either  of  the  others,  the  outgo  was  nearly  four  times  as 
large  as  in  the  rest  experiments.  This  increase  of  water  of  respiration 
and  perspiration  was  more  than  large  enough  in  the  work  experiments 
to  make  up  for  the  increase  in  the  water  of  food  and  drink  as  well  as 
that  formed  by  the  oxidation  of  hydrogen.  (See  page  137.)  There- 
fore the  fact  that  less  water  was  excreted  as  urine  in  the  work  than 
in  the  rest  experiments  is  understandable. 

Elimination  of  water  by  respiration  and  perspvration. — Table  120  of 
the  Appendix  gives  in  detail  the  elimination  of  water  by  the  lungs  and 
skin  in  the  experiments  with  J.  C.  W.  for  2,  6,  and  24  hour  periods 
and  Table  85  herewith  summarizes  these  results. 


Table  85. —  Water  eliminated  by  lungs  and  skin  during  2-hour  periods  in  20  metabolism 

experiments  with  J.  C.  TV. 


Period. 

Rest  experiments  Nos.  36,  39,  42, 
and  51,  without  food. 

Rest  experiment  No.  35,  with 
food. 

Minimum. 

Maximum. 

Average. 

Minimum. 

Maximum. 

Average. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

11  a.  m.  to  1  p.  m  

1  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  9  p.  m  

Total,  6  hours  

1  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

Total.  6  hours  

Total,  12  hours  

Total,  24  hours  

Grams. 
73.3 
61.6 
53.0 

Grams. 
102.2 
98.9 
96.6 

Grains. 
87.9 
75.4 
75.4 

Grams. 
74.3 
68.7 
62. 0 

Grams. 
99.3 
86.9 
81.5 

Grams. 
85.5 
74.5 
72.2 

194.5 

291.8 

238.7 

212. 5 

267.7 

232.2 

58.6 
55.0 
55. 6 

72.8 
78.4 
79.1 

66.0 
66.0 
69.0 

70.7 
68.7 
72.3 

85.4 
83.9 
86.1 

75.8 
74.7 
79.3 

178.3 

229.6 

201.0 

217.1 

255.4 

229.8 

380.  8 

508.  5 

439.7 

429.6 

523.1 

462.0 

53.2 
61.2 
66.4 

93.3 
86.2 
81.0 

70.3 
70.3 
72.0 

63.9 
70.5 
67.9 

80.0 
83.7 
<o.4 

71.5 
74.2 
70.8 

191.7 

260.  5 

212.6 

205.6 

234.6 

216.5 

63.2 
60.7 
65.4 

90.7 
83.0 
79.9 

73.7 
70.  7 
72.4 

65.9 
50.8 
67.9 

74.7 
70.6 
71.1 

69.1 
63.7 
69.7 

191.6 

253.6 

216.8 

196.6 

211.4 

202.5 

386.8 

514.1 

429.4 

407.4 

431.2 

419.0 

768.1 

1, 018. 0 

869.1 

837.0 

954.3 

881.0 

136 


Table  85. —  Water  eliminated  by  lungs  and  skin  during  2-hour  periods  in  20  metabolism 
experiments  with  J.  C.  W. — Continued. 


Period. 

Work  experiments  Nos.  37, 
40,  44,  47,  49,  and  53,  with 
carbohydrate  diet. 

AVork  experiments  Nos.  38, 
41,  43,  45,  46,48,  52,  and  54, 
with  fat  diet. 

Extra 

severe 
work  ex- 
periment 

No.  55, 
with  fat 

diet. 

Mini- 
rnum. 

Maxi- 
mum. 

Average. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

11  a.  m.  to  1  p.  m  

Total,  G  hours  

1  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  rii.  to  7  p.  in  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  9  p.  in  

9  p.  m.  to  11  p.  m  

Total,  G  hours  

1  a  m  to  3  a  m 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

Gravis. 
183.9 
392.0 
334.0 

Grams. 
352.1 
679.1 
603.9 

Gravis. 
260.5 
.     527. 8 
481.2 

Grams. 
163.7 
352.1 
354.9 

Grams. 
428.3 
693.6 
644.3 

Grams. 
281.3 
544.8 
493.5 

Grams. 
539.0 
827.3 
686.4 

909.9 

1, 630. 9 

1,269.5 

872. 2 

1,672.6 

1,319.6 

2, 052. 7 

190. 2 
394.8 
303.0 

400.2 
680.3 
590. 2 

328.  G 
553.9 
464.7 

228.7 
391. 3 
332.9 

435.8 
703.  7 
625.5 

338.7 
558.3 
444.2 

579.5 
839.0 
656.9 

915.0 

1,659.5 

1, 347.  2 

995.0 

1, 708. 1 

1,341.2 

2, 075. 4 

1,851.3 

3,  290. 4 

2, 616. 7 

1,867.2 

3,  370. 2 

2,  660. 8 

4, 128. 1 

9G.1 
92.1 
68.2 

175.7 
153.2 
122.7 

128. 8 
123.1 
93.5 

107.1 
90.2 
59.6 

172. 9 
174.8 
128.3 

136.4 
123.6 
96.5 

596. 3 
814.3 
471.1 

270.2  |  418.4 

345.4 

262. 5 

465.0 

356.5 

1, 881.  7 

62.3 
60.1 
61.6 

116.5 
116. 7 
106.6 

88.5 
85.4 
81.4 

66.0 
57.2 
53.7 

128. 2 
126.  9 
111.5 

95.7 
89.4 
86.7 

457. 2 
465.8 
448.2 

189.2 

339.8 

255.3 

176.9 

362.0 

271.8 

1, 371. 2 

459.4  |  749.4 

600.7 

439.4 

827.0 

628.3 

*3, 252. 9 

2,310.7  ,  4,024.0 

3,217.4 

2, 306. 6 

4, 126.  5 

3, 289. 1 

7, 381. 0 

From  this  table  it  will  be  seen  that  in  the  rest  experiments  with 
J.  C.  W.  the  amount  of  water  eliminated  by  the  lungs  and  skin  was 
nearly  the  same  when  the  food  was  abundant  as  in  fasting;  that  it  was 
greater  with  work  than  with  rest;  that  it  increased  with  an  increase 
in  muscular  work,  the  amount  with  hard  work  for  16  hours  a  day 
being  more  than  twofold  that  for  8  hours'  work,  and  slightly  greater 
in  the  case  of  work  with  a  fat  diet  than  with  a  carbohydrate  diet. 
These  data,  however,  are  only  for  one  subject,  and  the  number  of 
experiments  is  too  small  to  establish  a  ratio  between  muscular  work 
and  the  elimination  of  water  from  the  lungs  and  skin. 

The  average  daily  amounts  of  water  eliminated  by  the  lungs  and 
skin  and  the  proportions  for  the  diiferent  periods  of  the  day  in  experi- 
ments with  J.  C.  W.,  as  compared  with  those  for  experiments  with 
other  subjects,  are  shown  in  Table  86. 
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Table  86. —  Water  eliminated  by  lungs  and  skin — Average  amounts  per  day  and  rates  and 
proportions  for  different  periods. 


1 

Rates  per  hour. 

Proportion  of  total  for  24 
hours. 

Subject  and  kind  of 
experiments. 

z  = 
B  £ 

Day  periods.  Nightperiods. 

Aver- 

Day periods. 

Night  periods. 

c 
fi 

7  a.  m. 
to 

1  p.  m.  7  p.  m. 

to  to 
7  p.  m.  1  a.  m. 

1  a.  m. 
to 

age 
for  24 
hours. 

7  a.  m. 
to 

1  p.  m. 
to 

7  p.  m.  1  a.  m. 

to    |  to 
1  a.  m.  7  a.  m. 

Rest  experiments  with 
food. 

■ 

E.  0.,  9  experiments  . . . 
A.  W.  S.,  1  experiment . 
J.  F.  S., 3  experiments  . 
J.  C.  W.,  1  experiment . . 

Days. 

on 

66 

I 

y 

4 

Gms. 
977 
859 
830 
881 

Gms. 
39.1 
36.3 
36.0 
38.7 

Gms. 
41.8 
36.2 
36.  0 
38.3 

Gms. 
43.7 
37.4 
35.2 
36.1 

Gms. 
38.2 
33.3 
31.1 
33.7 

Gms. 
40.7 
35.8 
34.6 
36.  7 

Perct. 
24.0 
25.3 
26.0 
26.3 

Per  ct. 
25.7 
25.3 
26.0 
26.1 

Per  ct. 
26.8 
26.1 
25. 5 
24.6 

Perct. 
23.5 
23.3 
22. 5 
23.0 

Average  of  above 
rest  experi- 

49 

935 

38.3 

40.1 

41.1 

36.2 

38.9 

24.6 

25.8 

26.3 

23.3 

Work  experiments  with 
food. 

E.  0.,  2  experiments . . . 
J.  F.  S.,  4  experiments.. 
J.C.W.,15  experiments. 

8 
12 
47 

2, 275 
1,670 
3,233 

120.3 
98.5 
215. 4 

108. 5 
111.5 
221.3 

85.6 
34.8 
58.3 

64.8 
33.5 
43.8 

94.8 
69.6 
134.7 

31.7 
35.4 
40.1 

28.6 
40.1 
41.0 

22.6 
12.5 
10.8 

17.1 
12.0 
8.1 

Average  of  above 
work  experi- 
ments   

67 

2,839 

183. 1 

188. 2 

57.4 

44.5 

118.3 

38.7 

39.8 

12.1 

9.4 

It  is  commonly  assumed  that  the  expired  air  is  saturated  with  mois- 
ture. Supposing  this  to  be  a  fact,  the  quantity  of  water  given  off'  from 
the  lungs  would  be  proportional  to  the  amount  of  expired  air.  In 
times  of  active  muscular  exercise  the  volumes  of  water  given  off  from 
the  lungs  would  increase.  Furthermore,  the  perspiration  increases 
greatly  with  the  muscular  activity.  As  noted  above  with  J.  F.  S.  the 
amount  of  water  excreted  per  day  from  the  lungs  and  skin  in  the 
work  experiments  was  about  twice,  with  E.  O.  nearly  2.5  times,  and 
with  J.  C.  W.  nearly  four  times  as  large  as  in  the  rest  experiments. 

The  balance  of  income  and  outgo  of  water  is  decided  not  only  by 
the  amounts  in  food  and  drink  and  the  quantities  excreted  by  the  kid- 
neys, lungs,  and  skin,  but  also  by  two  other  factors.  One  of  these  is 
the  amount  of  water  formed  within  the  body  by  the  oxidation  of 
hydrogen;  the  other  is  the  change  in  the  amount  of  water  in  the 
alimentary  canal  and  in  the  tissues  and  fluids  of  the  body.  This  topic 
can  not  be  satisfactorily  discussed  until  additional  data,  which  are 
being  accumulated,  are  available.  One  point,  however,  is  so  interest- 
ing that  a  word  regarding  it  may  be  in  place  here.  Comparisons  of 
figures  for  the  amounts  of  hydrogen  oxidized,  as  given  in  the  tabular 
details  of  the  experiments,  show  that  if  all  the  water  formed  by  the 
oxidation  of  the  hydrogen  of  the  food  and  hodj  material  were  elimi- 
nated through  the  lungs  and  skin  and  none  through  the  kidneys,  it 
would  account  for  only  about  one-third  of  the  water  of  respiration  in 
the  rest  experiments  and  only  about  one-fourth  of  that  in  the  work 


138 


experiments.  It  is  therefore  evident  that  the  increase  of  water  of 
respiration  and  perspiration  during  periods  of  muscular  activity  is  due 
not  so  much  to  an  increased  oxidation  of  hydrogen  as  to  an  increased 
excretion  through  the  lungs  and  skin  of  water  derived  from  some 
other  source. 

In  the  rest  experiments  the  amounts  eliminated  between  7  a.  m.  and 
7  p.  m.  and  between  7  p.  m.  and  7  a.  m.  (the  day  and  night  periods, 
respectively)  are  nearly  the  same,  the  proportions  being  respectively 
50.4:  and  49.6  per  cent  of  the  total  for  the  24  hours.  Although  there 
was  considerable  variation  in  the  elimination  of  water  in  the  urine  with 
the  different  subjects,  the  range  in  the  amounts  eliminated  by  the 
lungs  and  skin  during  the  different  periods  is  not  wide.  The  quantity 
in  the  second  night  period  is  the  smallest  of  all,  as  would  be  expected 
with  the  diminished  bodily  activity. 

In  the  work  experiments  the  variations  are  much  larger  between 
different  subjects  and  between  different  periods  for  the  same  subject. 
As  already  pointed  out,  with  J .  F.  S.  the  average  elimination  by  lungs 
and  skin  for  24  hours  was  twice  as  much  in  the  work  as  in  the  rest 
experiments,  and  with  E.  O.  it  was  2.5  as  much,  while  with  J.  C.  W. 
it  was  four  times  as  much.  The  larger  increase  with  the  latter  subject 
coincides  with  his  larger  amount  of  work. 

Comparing  the  day  and  night  periods  in  the  work  experiments,  it 
is  interesting  to  note  that  with  E.  O.  the  amount  by  day  was  only  60.3 
per  cent  of  the  whole  for  the  24  hours,  while  with  J.  F.  S.  it  was  75 
per  cent,  and  with  J.  C.  W.  81.1  per  cent.  Whether  this  disparity  is 
wholly  due  to  differences  in  the  amounts  of  muscular  work  or  part  is 
to  be  accounted  for  b}T  differences  in  the  "lag"  in  the  elimination  of 
water,  i.  e.,  differences  in  the  lapse  of  time  between  the  ingestion  of 
water  in  food  and  drink  or  its  formation  by  the  oxidation  of  Irydrogen 
on  the  one  hand  and  its  elimination  by  various  channels  on  the  other, 
it  is  impossible  to  say. 

Elimination  of  energy. — In  the  present  discussion  of  this  topic  it  is 
assumed  that  the  body  gives  off  energy  in  only  two  forms — heat  and 
external  muscular  work. 

Measurem  ents  of  energy. — In  the  measurements  of  energy  of  income 
and  outgo  of  the  body  the  temperature  of  the  respiration  chamber, 
generally  about  20°,  is  taken  as  the  basis  for  computations  of  the  heat 
removed  or  given  off  by  food,  drink,  and  excretory  products  in  the 
chamber.  The  kinetic  energy  given  off  by  the  body  is  measured  in 
these  experiments  as  the  sum  of  three  quantities:  (1)  The  heat  taken 
up  by  the  water  current  in  its  passage  through  the  absorber  system  in 
the  respiration  chamber;  (2)  the  latent  heat  of  the  water  vapor  given 
off  by  the  body,  i.  e.,  of  the  water  vaporized  by  the  heat  of  the  body 
and  carried  out  in  the  air  current,  due  corrections  being  made  for 
water  condensed  upon  the  absorbers;  and  (3)  the  heat  equivalent  of 
the  external  muscular  work  done. 


139 


The  heat  carried  away  by  the  water  current  includes  (a)  the  heat 
given  off  from  the  skin  by  radiation  and  conduction;  (b)  that  brought 
out  of  the  body  in  the  feces  and  urine  and  given  off  in  the  cooling  of 
these  excretory  products  to  the  temperature  of  the  chamber;  (c)  that 
brought  out  of  the  body  in  the  air,  carbon  dioxid,  and  water  excreted 
by  the  lungs  and  skin  and  given  off  in  their  cooling  to  the  respiration 
chamber  temperature;  (d)  the  latent  heat  of  vaporization  of  so  much 
of  the  water  of  (c)  as  is  permanently  condensed  on  the  absorbers 
(mainly  collected  as  drip  water);  and  (e)  the  heat  produced  by  the 
transformation  of  the  external  muscular  work.  The  heat  of  (£), 
(c),  and  (e)  finds  its  way  by  radiation  and  conduction  to  the  surface  of 
the  copper  absorbers  and  passes  with  that  of  (d)  into  the  water  current 
by  which  it  is  carried  out  of  the  chamber. 

The  latent  heat  of  the  water  vaporized  by  the  body  leaves  the  res- 
piration chamber  in  the  air  current,  and  although  the  air  current 
enters  and  leaves  the  chamber  at  the  same  temperature,  it  carries  out 
more  heat  than  it  brings  in,  the  extra  heat  being  the  latent  heat  of  the 
water  vapor  added  to  the  air  of  the  chamber  by  the  subject/'  The 
amount  of  this  heat  is  learned  from  the  amount  of  water  vapor  and  its 
latent  heat  of  vaporization  at  the  given  temperature. 

The  heat  equivalent  of  the  external  muscular  work  performed  by 
the  subject  is  calculated  from  the  measurements  made  by  the  bicycle 
ergometer,  although  the  energy  thus  generated  is  actually  transformed 
into  heat,  which  is  carried  away  by  the  water  current  and  measured 
with  the  rest  of  the  heat  given  off  by  the  body. 

We  have  then  to  consider:  (1)  the  total  energy  eliminated  in  the 
two  forms  of  heat  and  external  muscular  work,  and  (2),  the  separate 
amounts  of  energy  given  off  in  different  wa}^s — (#),  (h),  (c),  {d),  and  (V), 
noted  above. 

Total  energy  eliminated. — The  average  amounts  of  energy  given  off 
by  the  body  in  the  2,  6,  and  24  hour  periods  into  which  the  experi- 
mental days  of  the  tests  with  J.  C.  W.  were  divided  are  shown  in 
detail  in  Table  124  of  the  Appendix  and  summarized  in  Table  87. 

«The  differences  in  specific  heat  of  the  air  due  to  loss  of  oxygen  and  gain  of  carbon 
dioxid  are  here  assumed  to  be  negligible. 
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Table  87. — Total  heat  eliminated  during  2-hour  periods  in  20  metabolism  experiments  with 

J.  C.  W. 


Period. 

Rest  experiments 
Nos.  36,  39,  42, 
and  51,  without 
food. 

Rest  experiment 
No.  35,  with 
food. 

Work  experi- 
ments Nos.  37, 
40,44,47, 49,  and 
53,  with  carbo- 
hydrate diet. 

Work  experi- 
ments Nos.  38, 
41,  43.  45,  46,  48, 
52,  and  54,  with 
fat  diet, 

re   work — 
nt  No.  55. 

a 

a 

a 

a 

a 

a 

a 

rerage. 

£.§ 

n 
S 

a 

x 

rerag< 

a 

£ 

| 

'eragt 

nimu 

iximi 

rerag( 

nimu 

| 

a 

Extra  f 
Expei 

<j 

-a* 

< 

% 

<^ 

Cats. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

7  a.  m.  to  9  a.  m  

219 

273 

244 

246 

267 

254 

431 

567 

486 

409 

574 

487 

696 

9  a.  m.  to  11  a.  m  

148 

235 

194 

225 

248 

233 

630 

876 

778 

635 

889 

776 

983 

11  a.m.  to  1  p.m.  

148 

206 

182 

198 

218 

210 

543 

759 

683 

564 

840 

683 

965 

Total,  6  hours. 

522 

714 

620 

674 

733 

697 

1, 637 

2, 120 

1,947 

1,624 

2,229 

1, 946 

2  644 

1  p  m  to  3  p  m 

163 

216 

195 

226 

236 

231 

443 

620 

532 

432 

664 

535 

700 

3  p.  m.  to  5  p.m.  

158 

199 

181 

220 

229 

225 

661 

877 

791 

662 

924 

776 

1,006 

5  p.  m.  to  7  p.  m  

166 

213 

187 

210 

228 

217 

536 

763 

641 

482 

772 

601 

779 

Total,  6  hours. 

487 

611 

563 

665 

680 

673 

1,686 

2,190 

1,964 

1,610 

2, 277 

1,912 

2,485 

Total,  12  hours 

1,009 

1, 314 

1,183 

1,350 

1,413 

1,370 

3,380 

4,205 

3,911  3,234 

4,221 

3,858 

5, 129 

143 

241 

192 

205 

234 

220 

258 

338 

292 

259 

327 

291 

762 

9  p.  m.  to  11  p.  m  

160 

234 

194 

200 

228 

213 

221 

328 

278 

240 

304 

270 

958 

11  p.m.  to  1  a.m  

132 

176 

154 

132 

156 

145 

135 

195 

170 

141 

209 

177 

878 

Total,  6  hours. 

467 

651 

540 

538 

614 

578 

647 

859 

740 

654 

825 

738 

2,598 

1  a.  m.  to  3  a.m  

131 

161 

148 

142 

172 

155 

148 

191 

167 

154 

196 

179 

190 

3  a.m.  to  5  a.m  

128 

169 

148 

123 

155 

140 

123 

187 

157 

141 

187 

165 

532 

5  a.m.  to.  7  a.m  

157 

177 

168 

138 

164 

154 

143 

182 

162 

141 

200 

164 

865 

Total,  6  hours. 

457 

485 

464 

406 

479 

449 

427 

553 

486 

463 

542 

508 

1,587 

Total,  12  hours 

928 

1,136 

1,004 

1,001 

1, 063 

1,027 

1,075 

1,400 

1,226 

1,118 

1,348 

1,246 

4,185 

Total,  24  hours 

1,946 

2,362 

2,187 

2,  375 

2,414 

2, 397 

4,458 

5,495 

5, 137 

4,  352 

5,527 

5,104 

9, 314 

In  this  table  it  will  be  seen  that  the  elimination  of  heat  during  the 
second  period  of  the  night  is  very  nearly  the  same  in  all  the  experi- 
ments, whether  they  were  rest  experiments  with  fasting,  rest  experiments 
with  food,  or  work  experiments,  and  that  in  the  work  experiments  the 
average  amounts  are  practically  the  same  with  the  different  diets. 

These  results  are  compared  with  those  of  the  experiments  with  the 
other  subjects  in  Table  88,  in  which,  however,  the  distinction  is  made, 
in  the  work  experiments,  between  the  energy  eliminated  as  heat  and 
the  energy  measured  as  external  muscular  work.  The  energy  elimi- 
nated as  heat  includes  the  heat  given  off  from  the  body  by  radiation 
and  conduction,  and  that  given  off  in  the  water  vaporized  from  the 
body  during  the  same  periods  and  carried  out  of  the  respiration 
chamber  in  the  outgoing  air  current. 
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Table  88. — Heat  given  off  by  body,  including  for  work  experiments  the  heat  equivalent  of 
the  external  muscular  work — Amounts  per  day  and  rates  and  proportions  for  different 
periods. 


Subject  and  kind  of 
experiment. 

Total  amount  in 
24  hours. 

Rates  per  hour. 

Proportion  of  total  for  24 
hours. 

Day  periods. 

Xight  periods. 

Aver- 
age 
for  24 
hours. 

Day  periods. 

Night  periods. 

7  a.m.  1p.m. 

to  to 
1p.m. I  7 p.m. 

7  p.m. 

to 
1a.m. 

1  a.  m. 

to 
7  a.m. 

7  a.  m. 

to 
1p.m. 

1  p.  m. 

to 
7  p.m. 

7  p.  m. 

to 
1  a.m. 

1  a.  m. 

to 
7  a.  m. 

Pest  experiments. 

E.  0.,  9  experiments... 
A.  W.  S.,  1  experiment . 
J.  F.  S.,  3  experiments  . 
J.  C.W.,1  experiment  . 

Average  for 
above  rest  ex- 

Work  experiments. 

E.  0., 2  experiments: 
Heat  eliminated 

Days. 
33 
3 
9 
4 

Cats. 
2,278 
2;279 
2,136 
2, 397 

Cals. 
103.  7 
114.5 
109.0 
116.1 

Cals. 
105. 0 
104.  5 
98.7 
112.2 

Cals. 

101.8 
93.3 
88.2 
96.3 

Cals. 
69.2 
67.5 
60.2 
74.9 

Cals. 
95.0 
95.0 
89.0 
99. 9 

Per  ct. 
27.3 
30. 1 
30.6 
29.1 

Per  ct. 
27.7 
27. 5 
27.  7 
28.1 

Perct. 
26.8 
24. 6 
24.8 
24.1 

Per  ct. 
18.2 
17. 8 
16.9 
18.7 

49 

2, 262 

106.3 

104.4 

98.3  67.9 

94.3 

28.2 

27.7 

26.1 

1S.0 

3, 601 

228 

185.2 
27.0 

203.2 
28.3 

120. 5 

74.0 

145. 7 

Heat  equivalent  of 
external  muscu- 
lar work  





Total  

8 

3,  829 

212.2 

231. 5 

120.5 

74.0 

159.  6 

33.2 

36.3  18.9 

11. 6 

J.  F.  S.,  4  experiments: 
Heat  eliminated 

3,  302 
238 

181.6 
30. 4 

187.1 
29. 6 

97.2 

64.2 

132.  5 

Heat  equivalent  of 
external  muscu- 
lar work  

Total  

12 

3,540 

212. 0 

216.7 

97.2 

64.2 

147.5  i  35.9 

36.7 

16.5 

10.9 

J.C.W.,14experiments: 
Heat  eliminated. . . 

4,  574 
546 

256.  6 
67.8 

253.9 
68.9 

123.2 

82.9 

179.2 

Heat  equivalent  of 
external  muscu- 



Total  

46 

5. 120 

324.  4 

322.8 

123.  2 

82.9 

213.3 

38.0 

37.8 

14. 5         9.  7 

Average  for  above 
"work  experiments: 
Heat  eliminated .  . 

4, 225 
451 

231.7 
58.5 

235. 6 
56.8 

118.1 

78.4 

166.6 

Heat  equivalent  of 
external  muscu- 

Total  

4,676 

290.2 

292.  4 

118.1 

78.4 

194.8 

37. 2 

37.5 

15. 2 

10.1 

The  temperature  of  the  body  a,  the  amount  of  reserve  or  stored  mate- 
rial it  contains,  and  the  intestinal  content  vary  somewhat  from  time 
to  time.  It  is  assumed  that  at  the  hour  when  the  experimental  day 
begins  and  ends.  7  a.  m. .  they  will  be  very  nearly  the  same  from  day 
to  day.  If  they  are  the  same  at  these  times  the  total  quantity  of  heat 
in  the  body  at  the  beginning  and  end  of  each  experimental  day  will 
be  the  same.  The  total  quantity  of  energy  given  off  from  the  body 
during  the  day  will  in  this  case  be  equivalent  to  the  total  amount  lib- 
erated within  the  body  and  will  be  closely  parallel  with  the  amounts  of 


a  See  discussion  of  body  temperature  on  pages  149-154. 
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carbon  and  hydrogen  oxidized.  Taking  each  of  these  four  periods  of 
the  day  by  itself,  the  differences  between  the  amounts  of  heat  stored 
in  the  body  at  the  beginning  and  end  will  probably  be  larger  than  is 
the  case  for  the  whole  day.  For  individual  periods,  therefore,  the 
parallelism  between  the  amounts  of  carbon  oxidized  and  heat  given  off 
will  hardly  be  as  close  as  for  the  whole  day. 

In  the  14  rest  experiments  summarized  in  Table  88,  covering  all  told 
49  days,  the  hourly  rates  of  heat  elimination  for  each  period  are  nearly 
alike  for  all  the  subjects.  It  follows  that  the  same  is  true  for  the  per- 
centages. As  will  be  seen  in  a  later  discussion,  the  total  amounts  vary 
almost  exactly  with  the  weight  and  bod}^  surface  of  the  subject. 

In  the  20  work  experiments,  covering  66  days  altogether,  the  rates 
of  elimination  vary  greatly  with  the  different  subjects,  except  during 
the  second  night  period,  when  the  total  amounts  are  but  little  larger 
than  for  the  corresponding  period  in  the  rest  experiments.  The  larger 
amounts  of  heat  eliminated  during  this  period  in  work  experiments 
can  doubtless  be  explained  by  the  fact  that  the  subjects  as  a  rule  are 
more  restless  during  the  night  following  a  day  of  work  than  during 
the  night  after  a  day  of  rest. 

It  will  also  be  noticed  that  the  heat  equivalent  of  the  external  mus- 
cular work  with  J.  C.  W.  was  more  than  twice  as  great  as  with  either 
of  the  other  subjects.  The  energy  of  the  food  consumed  by  this  sub- 
ject was  also  much  greater  than  that  furnished  by  the  rations  used  in 
the  other  experiments.  This  will  explain,  to  some  extent  at  least,  the 
increased  elimination  of  heat  by  radiation,  conduction,  and  vaporiza- 
tion of  water  by  J.  C.  W. 

Amounts  of  energy  eliminated  in  different  ways. — Table  123  of  the 
Appendix  shows  in  detail  the  amounts  of  energy  given  off  from  the 
body  in  different  ways  in  experiments  with  J.  C.  W. ,  these  data  being 
summarized  in  Table  89,  which  for  comparison  gives  also  the  averages 
of  the  results  of  experiments  with  the  other  subjects. 
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Table  89. — Energy  given  off  by  the  body  in  different  ways — Amounts  per  day  and  propor- 
tions of  total  eliminated  in  various  ways. 


Subject  and  kind  of  experiment. 


Experiments  with  J.  C.  W. 
Rest,  with  food,  1  experiment: 

Maximum  

Minimum  

Average  

Rest,  fasting,  4  experiments: 

Maximum  

Minimum  

Average  

Work,  14  experiments: 

Maximum  

Minimum  _■  

Average  

Rest  experiments,  with  food. 

E.  0.,  average  9  experiments  

A.  W.  S.,  average  1  experiment  

J.  F.  S.,  average  3  experiments  

J.  C.W.,  average  1  experiment  

Average  14  experiments  

Work  experiments. 

E.  0.,  average  2  experiments  

J.  F.  S.,  average  4  experiments  

J.  C.  W.,  average  14  experiments. . . 

Average  20  experiments  


£2 


Quantities  of  energy  per  day. 


Heat  eliminated. 


pi  .2 


£  ° 


Cals. 
1,875 
1,822 
1,850 

1,774 
1,342 
1,  605 

4,15] 
3,099 
3, 802 


1,675 
1,739 
1,622 
1,850 


1,  683 


2, 249 


3, 802 


3,340 


Cals. 
27 
23 
26 

30 
13 
21 

49 
15 
29 


MS 

^  a 


Cals. 
565 
495 
521 

611 

455 
561 

882 
665 
743 


570 
509 
491 
521 


1, 332 
988 
743 


859 


S  *  > 

0)  o>  IS 


649 
481 
546 


228 
238 
546 


Cals. 
2,414 
2,375 
2,397 

2,  362 
1,946 
2, 187 

5, 527 
4, 352 
5, 120 


2, 278 
2,279 
2, 136 
2,397 


2, 262 


3,829 
3, 540 
5, 120 


Energy  expressed  in  pro- 
portions of  total. 


Heat  eliminated. 


Pr.  ct. 


73.4 


73.5 
76.3 
75.9 
77.2 


74.4 


58.7 
64.9 
74.2 


4,676  71.4 


q  5 


I  .1  CO 

rid 

a>  S 


Pr.  ciJPr.  c£. 


21.7 


1.5 
1.4 
1.1 
1.1 


14.5 


25.0 
22.3 
23.0 
21.7 


24.2 


34.8 
27.9 
14.5 


18.4 


The  figures  for  "radiation  and  conduction"  in  the  second  column 
are  obtained  by  subtracting  the  sum  of  the  quantities  of  heat  given 
off  by  the  feces  and  urine  in  cooling  and  by  the  water  in  condensing 
on  the  absorbers  and  the  heat  equivalent  of  the  external  work  (page 
338)  from  the  total  heat  taken  from  the  chamber  by  the  water  current; 
that  is,  they  are  obtained  by  subtracting  the  sum  of  the  quantities  in 
the  third,  fourth,  and  fifth  columns  from  the  total  in  the  sixth  column. 
Accordingly  they  represent  the  sum  of  quantities  of  heat  given  off  by 
the  lungs  and  skin  directly  as  heat  and  by  the  water  and  carbon  dioxid 
of  respiration  and  perspiration  in  cooling  to  the  temperature  of  the 
respiration  chamber. 

The  figures  for  the  heat  given  off  from  the  urine  and  feces,  as  shown 
in  the  third  column  in  Table  89,  are  calculated  from  the  weights  of 
these  excreta,  their  fall  in  temperature  from  that  of  the  body  to  that  of 
the  respiration  chamber,  a  fall  averaging  17°,  and  their  specific  heats, 
which  are  arbitrarily  assumed  to  be  for  feces  0.9  and  for  urine  1.0. 
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The  figures  in  the  fourth  column  represent  the  latent  heat  of  vapori- 
zation of  the  water  given  off  by  the  lungs  and  skin.  For  the  rest 
experiments  this  water  is  in  general  that  carried  out  of  the  chamber  in 
the  air  current  in  excess  of  that  brought  into  the  chamber  by  the  same 
current.  Occasionally  in  rest  experiments,  however,  and  in  all  the 
work  experiments  more  or  less  water  is  condensed  on  the  absorbers 
and  is  not  carried  out  by  the  air  current.  The  figures  in  the  third 
column  include  the  heat  given  off  in  the  condensation  of  this  water 
vapor  upon  the  absorbers,  along  with  the  latent  heat  of  vaporization 
of  the  water  in  the  air  current.  The  reason  why  generally  little  or  no 
water  was  condensed  on  the  surfaces  of  the  absorbers  in  the  rest 
experiments  is  that  the  temperature  of  the  incoming  water  current 
was  as  a  rule  above  the  dew-point  of  the  air  inside  the  chamber. 

The  fifth  column  shows  the  heat  equivalent  of  the  external  muscular 
work,  as  measured  by  the  bicycle  dynamo  apparatus,  by  which  the 
mechanical  work  is  transformed  into  electrical  energy  and  into  heat. 

As  would  be  expected,  the  smallest  elimination  by  radiation  and 
conduction  was  found  in  the  fasting  experiments  and  the  largest  in  the 
work  experiments.  The  elimination  in  urine  and  feces  was  very  nearly 
the  same  in  all  the  experiments,  being  lowest  in  the  fasting  experi- 
ments, where  all  heat  eliminated  in  this  way  was  from  the  urine,  as  no 
feces  were  passed.  The  heat  eliminated  in  water  vaporized  from  the 
lungs  and  skin  was  larger  in  fasting  experiments  than  in  rest  experi- 
ments with  food,  and  about  30  per  cent  higher  in  the  work  experiments 
than  in  the  fasting  experiments. 

In  comparing  the  total  amounts  it  will  be  noticed  that  in  the  rest 
experiments  the  amount  eliminated  when  fasting  was  but  10  per  cent 
less  than  with  food.  The  larger  amount  in  the  rest  experiments  with 
food  than  in  fasting  may  be  due,  in  part  at  least,  to  the  energy 
expended  in  digestion. 

As  regards  the  experiments  as  a  whole,  it  will  be  seen  that  in  14  rest 
experiments  with  food  (covering  49  days),  with  four  subjects,  the  aver- 
age total  daily  elimination  of  heat  was  nearly  the  same  for  all  the  sub- 
jects, and  the  percentages  eliminated  in  various  ways  were  nearly  the 
same,  about  75  per  cent  being  given  off  by  radiation  and  conduction, 
24  per  cent  in  water  vaporized  from  lungs,  and  a  trifle  over  1  per  cent 
in  the  urine  and  feces.  In  the  work  experiments  there  is  a  much 
larger  range  of  variation. 

Comparison  of  percentages  of  carbon  dioxid,  water,  and  heat  elimi- 
nated in  different  periods  of  the  day. — Table  90  summarizes  the  pro- 
portions of  the  total  daily  amounts  of  carbon  dioxid,  water,  and  heat 
eliminated  in  2,  6,  12,  and  24  hour  periods,  in  experiments  with 
J.  C.  W.,  omitting  experiment  No.  50,  which,  as  previously  explained, 
was  exceptional.  After  what  has  been  said  of  the  results  expressed 
in  the  preceding  tables  comment  upon  this  one  is  hardly  necessary. 
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Table  90. — Proportion  of  carbon  dioxid,  water]  and  heat  eliminated  during  different 
periods  of  the  day — Average  of  20  experiments  with  J.  C.  W. 


Period. 

Rest  experiments  Nos.  36, 39, 
42,  and  51,  without  food. 

Rest  experiment  No.  35,  with 
food. 

Carbon 
dioxid. 

Water. 

Heat.' 

Carbon 
dioxid. 

Water. 

Heat. 

7  a.  m.  to  9  a.  m  

11  a.  m.  to  1  p.  m  -- 

Total,  6  hours  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  

11  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  3  a.  m   ... 

3  a  m  to  5  a  in 

5  a.  m.  to  7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

Per  cent, 
10.74 
8.  96 
8.34 

~Pfii"  ppnf 

10.10 
8.  68 
8.  68 

11.16 
8. 87 
8. 32 

JPCT  C€7l  t 

ii.il 

9.06 
8. 20 

~Ppv  ppnf 

9. 70 
8.46 
8.20 

~Ppy*  pp'n  f 

10. 59 
9.72 
8. 76 

28.04 

27. 46 

28. 35 

28.37 

26.36 

29. 07 

8. 84 
8.24 
8.45 

7. 59 
7. 60 
7.  94 

8. 91 
8.28 
8. 55 

10.58 
8.73 
9.26 

8. 60 
8.48 
9.00 

9.64 
9.39 
9.05 

25. 53 

23. 13 

25.  74 

28.57 

26.08 

28. 08 

53.57 

50.59  54.09 

56. 94 

52.44 

57.15 

9.16 
7. 91 
7.66 

8.09 
8. 09 
8.28 

8.78 
8. 87 
7.04 

8. 32 
8.56 
7.  33 

8.12 
8.42 
8.04 

9.18 
8.89 
6.05 

24.  73 

24.46  24.69 

24.  21 

24. 58 

24.12 

6.85 
7.03 
7.82 

8.48 
8. 14 
8.33 

6.77 
6.77 
7. 68 

6.18 
6.39 
6.28 

7.84 
7.23 
7.91 

6.47 
5.84 
6.42 

21.70 

24. 95 

21.22 

18.85 

22.  98 

18. 73 

46.43 

49.41 

45.  91 

43.06 

47.  56 

42.  85 

100. 00 

100. 00 

100.  00 

100.00  S  100.00 

1 

100. 00 

Period. 

Work  experiments  Nos.  37, 
40.  44,  47,  49,  and  53,  with 
carbohydrate  diet. 

Work  experiments  Nos.  38, 
41,  43,  45,  46,  48,  52,  and  54, 
with  fat  diet. 

Carbon 
dioxid. 

Water. 

Heat. 

Carbon 
dioxid. 

Water. 

Heat. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

11  a.  m.  to  1  p.  m  

Total,  6  hours   

I  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  

II  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  3  a.  m 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

Per  cent. 
9. 73 
15. 16 
13. 22 

Per  cent. 
8.10 
16.40 
14. 96 

Per  cent. 
9.46 
15.15 
13.  29 

Per  cent. 
9.84 
15.56 
13.17 

Per  cent. 
8.55 
16.56 
15. 01 

Per  cent. 
9.54 
15.21 
13. 38 

38.11 

39.46 

37.  90 

38.  57 

40. 12 

38. 13 

10. 66 

15.  53 
12.56 

.  10. 21 

17. 22 
14.44 

10. 35 
15. 40 
12.48 

10.  76 
14. 95 
12.42 

10. 30 

16. 98 
13.  50 

10.48 
15. 21 
11.77 

38.  75 

41.87 

38.  23 

38. 13 

40. 78 

37. 46 

76.86 

81.33 

76. 13 

76.  70 

80. 90 

75. 59 

5.70 
5. 13 
3.46 

4.00 
3.83 
2. 91 

5. 69 
5.41 
3.31 

5.40 
4.  82 
3.61 

4. 15 
3. 76 
2.93 

5.70 
5.29 
3.47 

14.29 

10.74 

14.41 

13.83 

10.84 

14. 46 

2.90 
2. 90 
3.05 

2. 75 
2. 65 
2.53 

3.25 
3.06 
3.15 

3.29 
3.05 
3. 13 

2. 91 
2.72 
2. 63 

3.51 
3. 23 
3.21 

8.85 

7.  93 

9. 46 

9. 47 

8. 26 

9. 95 

23.14 

18. 67 

23. 87 

23.  30 

19. 10 

24.41 

100.00 

100. 00 

100. 00 

100. 00 

100. 00 

100. 00 

6000— No.  136—03  10 
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Elimination  of  carbon  dioxid,  water,  and  energy  per  kilogram,  of 
body  weight  and  per  square  meter  of  body  surface. — Table  68,  on  page 
98,  gives  the  statistics  of  the  weights  of  the  different  subjects  in  kilo- 
grams and  the  estimates  of  the  body  surface  of  each  in  square  meters. 
The  subjects  were  weighed  without  clothing  or  in  light  underclothing. 
Tables  83  and  86,  pages  132  and  137,  show  the  average  amounts  of 
carbon  dioxid  and  water  from  lungs  and  skin  eliminated  per  hour  for 
6  and  21  hour  periods.  From  these  the  average  hourly  eliminations 
of  carbon  dioxid  and  water  per  kilogram  of  body  weight  and  per 
square  meter  of  body  surface  of  the  different  subjects  may  be  readily 
calculated,  as  is  done  in  Table  91.  In  like  manner  the  rates  of  elimina- 
tion of  energy  have  been  computed  from  the  data  in  Table  88  and  the 
results  shown  in  Table  92. 

Table  91. — Hourly  rates  of  elimination  of  carbon  dioxid  and  water  per  kilogram  of  body 
weight  and  per  square  meter  of  body  surface  of  different  subjects — Rates  in  different  parts 
of  the  day  and  a  verages  for  whole  day. 


Amounts  eliminated  per  hour  per  kilogram  of 
body  weight. 


Subject  and  kind  of  experiment. 

tion. 

Day  periods. 

Night  periods. 

Average 

1  p.  ui.  to 

7  p.  in .  to 

1  fi.  m.  to 

for  24 
hours. 

1  p.  m. 

7  p.  m. 

1  a.  m. 

7  a.  m. 

Carbon  dioxid. 

Kest  experiments  with  food: 

Days. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

E  0  9  experiments 

33 

0.54 

0. 53 

0.52 

0. 32 

0.  48 

A.  W.  S.,  1  experiment  

3 

.57 

.53 

.47 

.33 

.47 

9 

.57 

.56 

.49 

.34 

.  49 

J.  C.  W.,  1  experiment  

4 

.51 

.51 

.43 

.34 

.44 

Average  for  above  rest  experiments. 

49 

.54 

.54 

.50 

.33 

.48 

Rest  experiments,  fasting: 

J.  C.  W.,  4  experiments  

5 

.42 

.38 

.37 

.32 

.37 

Work  experiments  with  food: 

E.  0.,  2  experiments  

8 

1.12 

1. 14 

.  .55 

.33 

.78 

J.  F.  S.,  4  experiments  

12 

1.13 

1.15 

.48 

.34 

.78 

J.  C  W.,  15  experiments  

47 

1.46 

1.45 

.54 

.35 

.95 

Average  for  above  work  experiments 

67 

1.37 

1.37 

.53 

.35 

.90 

Water. 

Rest  experiments  with  food: 

E.  0.,  9  experiments  

33 

.56 

.60 

.62 

.55 

.58 

A.  W.  S.,  1  experiment  

3 

.52 

.52 

.53 

.48 

.51 

J.  F.  S.,  3  experiments  

9 

.55 

.55 

.54 

.48 

.53 

J.  C.  W.,  1  experiment  

4 

.51 

.50 

.48 

.44 

.48 

Average  for  above  rest  experiments. 

49 

.55 

.58 

.59 

.52 

.56 

Rest  experiments,  fasting: 

J.  C.  W.,  4  experiments  

5 

.52 

.44 

.47 

.48 

.48 

Work  experiments  with  food : 

8 

1.72 

1.55 

1.22 

.93 

1.35 

12 

1.52 

1.72 

.54 

.52 

1.07 

J.  C.  W.,  15  experiments  

47 

2  83 

2.91 

.  77 

.58 

1.77 

Average  for  above  work  experiments 

67 

2.  50 

2.57 

.0! 

1.61 

U7 


Table  91. — Hourly  rates  of  elimination  of  carbon  dioxid  and  water  per  kilogram  of  body 
weight  and  per  square  meter  of  body  surface  of  different  subjects,  etc. — Continued. 


Amounts  eliminated  per  hour  per  square  meter 
of  body  surface. 


Subject  and  kind  of  experiment. 

Dura- 
tion. 

Day  periods. 

Night  periods. 

Average 

7  a.  m.  to 

1  p.  m.to 

7  p.  m.  to 

1  a.  m.  to 

for  24 
hours. 

1  p.  m. 

7  p.  m. 

1  a.  m. 

7  a.  m. 

Carbon  dioxid. 

Eest  experiments  with  food: 

Days. 

Grams. 

G-rams. 

Grams. 

Gravis. 

Grams. 

E.  0.,  9  experiments  

33 

18.13 

17. 89 

17. 32 

10. 67 

16.22 

A.  W.  S.,  1  experiment  

3 

19  04 

17  75 

15  69 

11  10 

15. 89 

J.  F.  S..  3  experiments  

9 

18. 59 

18. 14 

15.88 

11.21 

15. 98 

4 

17. 38 

17. 51 

14. 84 

11.54 

15. 29 

Average  for  above  rest  experiments. 

49 

18.22 

17.89 

16.  78 

10.87 

16. 11 

Rest  experiments,  fasting: 

5 

14. 30 

13.03 

12.  62 

11.04 

12.  76 

Work  experiments  with  food: 

E.  0.,  2  experiments  

8 

37  51 

38. 04 

18  37 

11  05 

26.22 

J.  F.  S.,  4  experiments  

12 

36.98 

37.54 

15. 73 

11.21 

25.38 

J.  C.  W.j  15  experiments  

47 

50.32 

49.91 

18.42 

11.99 

32. 67 

Average  for  above  work  experiments 

67 

46. 61 

46.47 


17.95 

11.  73 

30. 71 

Water. 

Rest  experiments  with  food: 

E.  0.,  9  experiments  

33 

18.  71 

20.00 

20.91 

18. 28 

19.47 

A.  W.  S..  1  experiment  

3 

17. 37 

17  3^ 

17  89 

15  93 

17. 13 

J.  F.  S.,  3  experiments  

9 

18. 09 

18.  09 

17. 69 

15. 63 

17. 39 

J.  C.  W.,  1  experiment  

4 

17.  51 

17.33 

16. 33 

15.  25 

16.61 

Average  for  above  rest  experiments. 

49 

18. 41 

19.28 

19.76 

17.40 

18. 70 

Rest  experiments,  fasting: 

J.  C.  W.,  4  experiments  

B 

18. 01 

15.16 

16.02 

16.33 

16. 38 

Work  experiments  with  food: 

8 

57.56 

51.91 

40.96 

31. 00 

45. 36 

J.  F.  S.,  4  experiments  

12 

49. 50 

56.03 

17.49 

16. 83 

34. 97 

J.  C.  W.,  15  experiments  

47 

97. 47 

100. 14 

26.38 

19. 82 

60. 95 

Average  for  above  work  experiments 

67 

84.92" 

87.29 

26.62 

20.  64 

54. 87 

148 


Table  92. — Hourly  rates  of  elimination  of  heat  per  kilogram  of  body  weight  and  per  square 
meter  of  body  surface  of  different  subjects — Rates  in  different  parts  of  day  and  averages 
for  whole  day. 


Heat  eliminated  per  hour. 


Per  kilogram  of  body  weight. 


experiment. 

tion. 

7  a.  m. 

to 
1  p.m. 

1  p.  m. 

to 
7  p.m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

Aver- 
age 
for  24 
hours. 

7  a.  m. 

to 
1  p.  m. 

1p.m. 

to 
7  p.m. 

7p.m. 

to 
1  a.m. 

1  a.  m. 

to 
7  a.  m. 

Aver- 
age 
for  24 
hours. 

Rent  experiments  with 

food. 

Days. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

E.  0.,  9  experiments... 

33 

1.48 

1.50 

1.45 

0.  99 

1.36 

49.6 

50.2 

48.7 

33.1 

45.5 

A.  W.  S.,  1  experiment. 

3 

1.64 

1.49 

1.33 

.96 

1.36 

54.8 

50.0 

44.6 

32.3 

45.5 

J.  F.  S.,  3  experiments. 

9 

1.68 

1.52 

1.36 

.93 

1.37 

54.8 

49.6 

44.3 

30.3 

44.7 

J.  C.  W.,  1  experiment. 

4 

1.53 

1.48 

1.27 

.99 

1.31 

52.5 

50.8 

43.6 

33.9 

45.2 

A  -P 

Average  ior 
above  rest  ex- 

49 

1. 53 

1.  50 

1. 41 

.  98 

1.  35 

51. 1 

50. 2 

47.  3 

32.  6 

45. 3 

Rest  experiments, 
fasting: 

J.  C.  W.,  4  experiments. 

5 

1.36 

1.23 

1.19 

1.02 

1.20 

46.8 

42  A 

40.8 

35.0 

41.2 

Work  experiments. 

E.  0.,  2  experiments: 

Heat  eliminated. . . 

2.65 
.38 

2.90 

1.72 

1.06 

2.08 

88.6 

97.2 

57.7 

35.4 

69.7 

Hea  t  equivalent  of 
external  muscu- 
lar work  

.41 

12.9 

13.7 

Total  

8 

3.  03 

3. 31 

1.72 

1.06 

2. 28 

101.5 

110.8 

57.7 

35.4 

76.4 

J.  F.  S.,  4  experiments: 

2.  79 

2.88 

1.50 

.99 

2. 04 

91.3 

94.0 

48.8 

32.3 

66.6 

Heat  equivalent  of 
external  muscu- 
lar work  

.47 

14.7 

14.9 

Total  

12 

3. 26 

3. 33 

1.50 

.99 

2.27 

106.0 

108.9 

48.8 

32.3 

74.1 

J. C.W., 14  experiments: 

Heat  eliminated . . . 

3. 38 

3.34 

1.62 

1.09 

2.36 

116. 1 

114.9 

55.7 

37.5 

81.1 

Heat  equival  ent  of 
external  rrfuscu- 
lar  work  

.89 

.91 

30.7 

31.1 

Total  

46 

4.27 

4. 25 

1. 62 

1.09 

2.81 

146.8 

146.1 

55.7 

37. 5 

96.5 

Average    for  above 
work  experiments: 

Heat  eliminated . . . 

3.08 
.88 

3. 09 

1.61 

1.07 

2.21 

104.  8 

105.2 

54.8 

36.4 

75.3 

Heat  equivalent  of 
external  muscu- 

.90 

29.9 

30.4 

Total  

66 

3.96 

3.99 

1.61 

1.07 

2.66 

134.7 

135.6 

54.8 

36.4 

90.4 

Per  square  meter  of  body  surface. 


In  the  rest  experiments  it  is  noticeable  that  the  hourly  rates  of 
elimination  of  carbon  dioxid,  water,  and  heat  during  the  different 
periods  of  the  day  and  for  the  whole  day  were  very  uniform  for  all  the 
subjects,  both  per  kilogram  of  body  weight  and  per  square  meter  of 
body  surface. 

In  the  work  experiments  the  differences  in  elimination  by  the  differ- 
ent subjects  in  the  day  periods  were  wide,  as  would  be  expected  in  view 
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of  the  differences  in  the  amount  of  muscular  work.  On  the  other  hand 
the  rates  were  nearly  alike  during  both  night  periods  for  the  carbon 
dioxid  and  heat,  though  the  variations  in  water  elimination  were  con- 
siderable. 

Comparing  the  averages  of  work  and  rest  experiments  it  will  be 
seen  that  the  amounts  of  carbon  dioxid,  water,  and  heat  eliminated  per 
hour  per  kilogram  of  body  weight  and  per  square  meter  of  surface 
area  were  very  nearly  the  same  during  the  last  night  period.  This  is 
to  be  expected,  as  the  body  functions  during  .that  period  are  at  the 
lowest  point  of  activity.  The  rates  were  also  very  uniform  for  the  first 
night  period  in  the  case  of  carbon  dioxid  and  heat,  but  for  water  there 
was  a  slight  variation  between  rest  and  work. 

In  regard  to  the  heat  equivalent  of  muscular  work  it  will  be  observed 
that  J.  C.  W.  performed  over  twice  as  much  as  either  of  the  other 
subjects  per  kilogram  of  body  weight  and  per  square  meter  of  body 
surface. 

BODY  TEMPERATURE. 

In  our  earlier  metabolism  experiments  attempts  were  made  to  secure 
data  regarding  the  changes  in  body  temperature.  By  means  of  an 
ordinary  clinical  thermometer  a  series  of  observations  of  body  temper- 
ature, either  axillary  01  sublingual,  was  taken  by  the  different  sub- 
jects. However  useful  temperatures  observed  in  these  localities 
may  be  to  the  clinician,  it  soon  became  evident  that  for  experiments 
where  a  measurement  of  the  heat  production  as  distinguished  from 
heat  elimination  is  attempted  and  accurate  measurements  of  actual 
body  temperature  are  needed,  observations  of  rectal  temperatures 
would  be  far  more  reliable.  Furthermore,  the  conditions  inside  the 
respiration  chamber  were  not  such  as  to  afford  the  best  facilities  for 
personal  observations  on  body  temperature,  although  an  attempt  was 
made  to  have  outside  observers  check  the  readings  of  the  clinical  ther- 
mometers as  made  by  the  subject. 

Specially  devised  thermometer. — The  success  attending  the  use  of  the 
electrical  resistance  thermometers  for  measuring  the  temperature  of 
the  air  in  the  respiration  chamber a  was  such  as  to  suggest  the  use  of  a 
similar  form  of  thermometer  for  determining  body  temperatures.  An 
especially  constructed  electrical  thermometer  was  finally  elaborated 
and  used  in  certain  of  the  experiments  herein  reported.  This  ther- 
mometer has  been  described b  in  detail,  together  with  a  large  number 
of  experiments  made  with  it,  and  a  brief  description  of  it  will  suffice 
here.  A  coil  of  silk-covered  copper  wire  is  wound  in  a  compact  roll 
and  inclosed  in  a  silver  tube  about  30  millimeters  long.  The  silver 
tube  is  provided  with  a  hard  rubber  plug  through  which  the  flexible 

«TJ.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  63,  p.  26. 
&  Benedict  and  Snell,  Arch.  Physiol.  [Pfluger],  88  (1901),  p.  492.    Ibid.,  90  (1902), 
p.  33. 


150 


connecting  wires  pass,  the  inner  ends  of  which  are  connected  with  the 
resistance  coil,  the  other  ends  of  the  connecting  wires  being  joined  to  a 
flexible  cable  3-5  meters  long.  This  system  corresponds  to  the  unknown 
resistance  in  a  Wheatstone  bridge.  About  20  centimeters  of  the 
flexible  cable  above  the  silver  tube  is  covered  with  soft  rubber  tubing, 
the  ends  of  which  are  well  fastened  with  silk  and  shellac.  The  silver 
tube  can  be  inserted  in  the  rectum  to  a  depth  of  10-11  centimeters  and 
worn  without  inconvenience  to  the  subject  or  without  interfering  with 
his  movements  about  the  calorimeter;  indeed  he  finds  no  difficulty  in 
wearing  it  for  short  periods  when  on  the  bicycle  ergometer.  The 
terminals  of  the  flexible  cable  are  connected  with  a  Wheatstone  bridge 
and  galvanometer,  used  for  taking  observations  of  the  temperature  of 
the  chamber.  The  thermometer  was  calibrated  by  use  of  a  Beckmann 
thermometer,  which  was  standardized  by  being  placed  in  melting 
sodium  sulphate.  According  to  Richards,^  the  transition  point  of 
sodium  sulphate  is  32.379°  C. ,  as  measured  on  the  standard  interna- 
tional hydrogen  scale.  The  zero  point  of  the  Beckmann  thermometer 
was  set  in  such  a  manner  as  to  make  a  range  of  about  6°  on  the  scale, 
and  thereby  register  the  temperature  from  about  32.10°-38.1°  C. 
Inasmuch  as  37u  C.  is  approximately  normal  body  temperature,  this 
calibration  serves  for  the  range  of  variation  normally  occurring  in 
physiological  work.  The  coil  has  a  resistance  of  about  20  ohms,  and 
since  the  resistance  of  pure  copper  increases  regularly  with  an  increase 
in  temperature,  changes  in  temperature  of  0.01°  C.  can  be  measured 
readily  b3T  the  deflections  of  the  galvanometer.  Owing  to  the  local 
heating  effect  of  the  electric  current  passing  through  the  compactly 
wound  coil,  it  was  found  necessary  to  read  the  galvanometer  ballistic- 
ally. 

Changes  in  the  store  of  heat  in  the  body  corresponding  to  changes  in 
body  temperature. — It  is  a  well-established  fact  that  the  body  tempera- 
ture undergoes  a  regular  daily  rythmic  fluctuation,  with  a  minimum 
at  about  1  o'clock  in  the  morning  and  a  maximum  in  the  late  after- 
noon. It  has  been  the  usual  custom  in  the  metabolism  experiments  to 
assume  that  in  a  21-hour  experiment,  especially  when  the  subject 
remained  under  the  same  conditions  of  muscular  activity  or  sleep  at 
the  close  of  the  daily  period,  the  changes  of  body  temperature  would 
be  nearly  the  same  from  day  to  day,  and  that  if  the  subject  remained 
in  bed  until  7  o'clock  in  the  morning,  the  close  of  the  experimental 
day,  the  body  temperature,  and  consequently  the  store  of  heat  in  the 
body,  would  not  be  widely  different  on  different  days.  With  an 
attempt  to  shorten  the  experimental  period  or  subdivide  the  day  it 
became  necessary  to  know  any  variations  in  body  temperature  to  allow 
for  the  possible  corrections  to  be  applied  in  determining  the  heat  pro- 
duction.   Assuming  the  specific  heat  of  the  bod}7  to  be  about  0.83,  as 


«Ztschr.  Physiol.  Chem.,  2(i  (1898),  p.  690. 
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Pembrey  a  states,  the  correction  can  readily  be  applied  by  multiplying 
the  body  weight  by  0.83  and  multiplying  the  product  hj  the  rise  or 
fall  in  temperature  as  measured  by  the  electrical  thermometer.  Obvi- 
ously a  change  of  1°  C.  in  the  temperature  of  the  body  will  cause  a 
storage  or  loss  of  not  far  from  50  calories  of  heat  from  a  bod}r  weigh- 
ing 60  kilograms,  a  correction  that  can  not  legitimately  be  neglected  in 
measuring  the  heat  production  during  a  given  period. 

While  it  is  admitted  by  investigators  that  the  true  body  temperature 
can  best  be  obtained  by  observations  in  the  rectum,  it  is  by  no  means 
certain  that  the  fluctuations  of  the  average  temperature  of  the  body 
correspond  exactly,  though  it  is  reasonable  to  suppose  that  they  agree 
pretty  closely,  with  the  fluctuations  of  temperature  of  the  rectum  at 
the  depth  (10-11  centimeters)  to  which  the  thermometer  is  inserted. 
The  most  recent  evidence  we  have  on  this  point  is  that  given  in  the 
experiments  with  the  rectal  thermometer  mentioned  above.5  It  was 
there  found  that  the  fluctuations  in  the  temperature  in  the  rectum  and 
axilla  followed  each  other  very  closely.  In  the  corrections  applied  to 
the  experiments  given  herewith  it  has  been  assumed  that  any  changes 
in  the  body  temperature  as  a  whole  were  measured  by  the  variations 
in  the  temperature  in  the  rectum. 

Observations  of  body  temperature. — In  the  experiments  in  which  the 
electrical  thermometer  was  used  observations  were  made  at  1-minute 
intervals,  thus  giving  a  continuous  record  of  the  temperature  of  the 
bod}T  throughout  the  entire  day.  Temperature  records  were  made  in 
the  fasting  experiments,  Nos.  36,  39,  and  12,  of  1  day  each,  and  experi- 
ment No.  51  of  2  da}\s,  and  in  3  of  the  1  days  of  experiment  No.  35, 
a  rest  experiment  with  food.  In  the  work  experiments  Nos.  37,  39, 
and  50,  the  records  were  made  during  the  night  periods  only,  i.  e.,  13-g- 
hours  from  6.30  p.  m.  to  8  a.  m.,  the  thermometer  being  removed  in 
the  morning,  when  the  subject  began  riding  the  bicycle,  and  inserted 
again  in  the  evening.  While  it  is  possible  for  the  subject  to  use  this 
thermometer  while  riding  the  bicycle,  it  was  not  deemed  expedient 
to  run  the  risk  of  a  local  irritation  or  discomfort  which  might  result 
from  its  continuous  use,  and  might  interfere  with  the  regular  continu- 
ance of  the  experiment.  Consequently  the  observations  during  the 
actual  hours  of  riding  are  much  fewer  in  number,  though  thejT  are 
singularly  concordant  as  regards  the  fluctuations  caused  by  changes  in 
muscular  activity.  In  each  of  the  work  experiments,  Nos.  10  and  11, 
the  records  were  made  for  one  day  and  one  night  period,  about  21 
hours  in  each  case.  The  results  include,  therefore,  all  told,  the  records 
for  5  days  and  nights  without  food,  3  days  and  nights  with  food,  and 
with  the  subject  at  rest;  2  days  of  a  work  experiment  and  11  nights 
after  work.  These  records  of  temperature  in  hourly  periods  are  given 
in  Table  93. 

«Shafer's  Textbook  of  Physiology,  Vol.  I,  1898,  p.  839. 
&Arch.  Physiol.  [Pfluger],  loc.  cit. 
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The  especial  value  of  these  temperature  observations  for  the  inves- 
tigations herein  reported  is  found  in  the  corrections  to  be  applied  for 
storage  or  loss  of  heat  from  the  bodv,  as  explained  in  detail  on  page  150. 

Although  the  temperature  observations  have  been  already  discussed 
in  some  detail, a  certain  important  points  are  worthy  of  special  empha- 
sis in  this  place.  While  in  general  it  ma3T  be  said  that  especially,  under 
like  conditions  of  bodily  activity,  body  temperature  at  a  given  hour 
of  the  day  is  nearty  the  same  in  different  days,  it  appears  that  there 
are  a  few  well-marked  exceptions  to  this  rule,  which  unquestionably 
would  influence  the  value  of  the  correction  to  be  applied  for  any  given 
period  of  the  day.  In  the  following  statements  the  body  temperature 
at  7  a.  m.  is  all  that  is  being  considered.  During  the  4  days  of  exper- 
iment No.  35,  rest  with  food,  the  temperature  at  7  a.  m.  rose  0.13° 
(from  36.82  to  36.95),  or  0.03°  per  day.  During  the  8  consecutive  days 
of  experiments  Nos.  37  and  38  (work)  the  temperature  at  7  a.  m.  fell 
0.47°  (from  36.69  to  36.22),  or  0.06°  per  day.  During  8  consecutive 
days  of  experiments  Nos.  40  and  41  (work)  the  temperature  again  fell 
in  this  case  0.50°  (from  36.58  to  36.08),  or  0.06  per  day.  In  2  of  the 
fasting  days  (experiments  Nos.  36  and  39)  the  body  was  warmer  at  the 
end  than  at  the  beginning  by  0.49°  and  0.38°,  respectively.  In  exper- 
iments Nos.  42  and  51  (fasting)  the  change  is  not  enough  to  be  sig- 
nificant. Judging  by  this  one  daily  observation,  i.  e.,  at  7  a.  m.,  there 
was  an  apparent  tendency  for  the  body  temperature  to  be  lowered 
progressive^  during  work  experiments  and  to  be  raised  during  rest 
experiments  whether  with  food  or  without  it.  A  study  of  the  data 
recorded  indicated  that  at  7  o'clock  the  body  temperature  is  in  general 
influenced  by  the  rapidity  of  the  morning  rise  in  temperature,  which 
usually  begins  2  to  4  a.  m.  The  data  are  not  as  yet  sufficient^  com- 
plete to  allow  any  further  deduction  as  to  the  apparent  tendency  of 
the  body  temperature  to  be  lowered  during  work  experiments  and 
raised  during  rest  experiments.  Sufficient  data  are  at  hand,  however, 
to  show  clearly  the  error  in  assuming  that  the  body  temperature  at  7 
o'clock  in  the  morning  is  the  same  from  day  to  day.  Consequently,  in 
accurate  experiments  of  this  nature,  body  temperature  should  be  deter- 
mined either  by  an  electrical  or  accurate  clinical  thermometer  in  the 
rectum  at  the  end  of  experimental  periods  in  case  an  accurate  estimate 
of  the  actual  heat  production  is  desired.  The  influence  of  variations 
of  body  temperature  on  the  calculation  of  heat  production  is  shown  in 
Table  95,  and  is  discussed  in  detail  beyond. 

HEAT  PRODUCTION  VERSUS  HEAT  ELIMINATION. 

In  the  tables  of  calorimetric  measurements  on  pages  307-333,  in 
the  Appendix,  and  elsewhere,  the  figures,  when  not  otherwise  indicated, 
represent  the  total  amounts  of  heat  brought  out  of  the  calorimeter  in 
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a  given  period.  In  other  words,  they  represent  the  heat  (or  heat  plus 
heat  equivalent  of  external  muscular  work)  eliminated  from  the  body 
during  that  period.  This,  however,  is  not  necessarily  the  same  as 
the  amount  of  heat  generated — i.  e.,  energy  katabolized — during  "J? e 
same  period,  although  for  24-hour  periods  the  difference  between  the 
amount  of  heat  eliminated  and  of  energy  transformed  is  negligible. 
Two  important  factors  which  enter  as  corrections,  and  whose  influence 
for  short  periods  is  at  times  rather  large,  are  (1)  the  storage  or  loss  of 
heat  by  the  body  accompanying  changes  in  body  temperature,  and  (2) 
the  interval  of  time  required  for  the  heat,  after  leaving  the  body,  to 
make  its  way  to  the  wTater  pipes  of  the  heat-absorber  system. 

Fluctuations  of  'tody  temperature.- — The  subject  of  body  temperature 
as  related  to  storage  of  heat  by  the  body  has  been  referred  to  above, 
but  in  order  to  show  its  bearing  upon  this  subject  more  clearly  a  sum- 
mary table  of  the  rise  and  fall  of  temperature  during  2-hour  periods 
is  here  given  for  the  experiments  with  J.  C.  W.,  where  observations 
of  rectal  temperature  were  made. 


Table  94. — Summary  of  changes  of  body  temperature  for  2-hour  periods  as  shown  by 
measurements  wlih  rectal  thermometer — Rise  (-+-)  and  fall  ( — ). 


s 

|c 
3  25 
& 

X 

Character  of  experiment. 

7  a.  m. 

to 
9  a.  m. 

9  a.  m. 

to 
11  a.m. 

11  a.  m. 

to 
1  p.  m. 

1  p.m. 

to 
3  p.m. 

3  p.  m. 

to 
5  p.  m. 

5  p.  m. 

to 
7  p.  m. 

7  p.m. 

to 
9  p.  m. 

35 
35 
35 
35 

36 
39 
42 
51 
51 

37 
37 
37 
37 
38 
38 
38 
38 

40 
40 
41 
41 

50 

Rest,  with  food,  1st  day  

Rest,  with  food,  2d  day  

Rest,  with  food,  3d  day  

Rest,  with  food,  4th  day  

°C. 
+0.  60 
+  .77 
+  .69 

°C. 
+0. 10 

-  .12 

-  .21 

°c. 

-0. 26 

-  .05 

-  .03 

°a 

+0.08 
+  .16 
+  .18 

°C. 
+0. 29 
+  .08 
+  .05 

°a 

-0. 06 

-  .16 

-  .02 

°c. 

-0. 06 
.00 
+  .03 

Average  for  4  days  

Rest,  fasting  1  day  

Rest,  fasting  1  day  

Rest,  fasting  1  dav  

Rest,  fasting  1st  day  

Rest,  fasting  2d  day  

+  .69 

-  .08 

-  .11 

+  .14 

+  .14 

-  .08 

-.01 

+  .52 
+  .24 
+  .11 
+  .23 
+  .49 

-  .01 
.00 

+  .06 

-  .05 

-  .05 

-  .11 
+  .08 
+  .02 
+  .14 
+  .01 

-  .03 

-  .37 
+  .04 
+  .11 

-  .12 

+  .02 
+  .08 

-  .06 

-  .10 
+  .12 

-  .04 
+  .07 
+  .09 

-  .17 

-  .03 

-  .04 

-  .04 

-  .02 

-  .18 

-  .45 

+  .32 

-  .01 

+  .03 

-  .07 

+  .01 

-  .02 

-  .15 

-  .05 
+  .14 

-  .22 
+  .03 

-  .17 
+  .18 

-  .12 

-  .03 

Work,  with  food.  ?d  day  1  

Work,  with  food,  3d  day  

Work,  with  food,  4th  day  

Work,  with  food,  1st  day  

Work,  with  food,  2d  day  

Work,  Avith  food,  3d  day  

Work,  with  food,  4th  day  

Average  of  experiments  37  and 
38—8  davs  

-  .03 

Work,  with  food,  1st  day  

+  .76 

-.14 

-  .32 

+  .34 

Work,  with  food,  4th  dav  

-  .57 

-  .14 

Work,  with  food,  1st  day  

+  .91 

-  .42 

-  .43 

+  .31 

Work,  with  food,  4th  day  

Work,  with  food,  1st  dav  

-  .04 
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Table  94. — Summary  of  changes  of  body  temperature  for  2-hour  periods  as  shown  by 
measurements  with  rectal  thermometer — Rise  (  +  )  and  fall  { — ) — Continued. 


Character  of  experiment. 


9  p.  m. 
to 

11  p.  m. 


11  p.  m. 

to 
1  a.  m. 


1  a.  m. 

to 
3  a.  m. 


3  a.  in. 

to 
5  a.  m. 


5  a.  m. 

to 
7  a.  m. 


Total, 

24 
hours, 
7  a.  m. 

to 
7  a.  m. 


38 


Rest,  with  food,  1st  day  

Rest,  with  food,  2d  day  

Rest,  with  food,  3d  day  

Rest,  with  food,  4th  day  

Average  for  4  days  

Rest,  fasting  1  day  

Rest,  fasting  1  day  

Rest,  fasting  1  day  

Rest,  fasting  1st  day  

Rest,  fasting  2d  day  

Average  for  5  days  

Work,  with  food,  1st  day  

Work,  with  food,  2d  day  

Work,  with  food,  3d  day  

Work,  with  food,  4th  day  

Work,  with  food,  1st  day  

Work,  with  food,  2d  day  

Work,  with  food,  3d  day  

Work,  with  food,  4th  day  


°C. 
-0.38 


-  .31 


°C. 
-0. 71 
-  .37 


°C. 
+0.04 
-  .09 


°C. 
+0. 15 
.00 


°c. 

+  0.21 
+  .13 


+  .26 


°C. 

0. 00 
+  .05 
+  .04 
+  .04 


48 


.07 


.03 


+  .18 


,03 


+  .27 

-  .32 
+  .02 
+  .04 

-  .09 


+  .01 
+  .12 
+  .07 
+  .04 
+  .21 


+  .81 
+  .38 
+  .24 
+  .13 
+  .09 


+  .49 
+  .38 
+  .06 

-  .09 

-  .03 


.02 


+  .09 


,  33 


16 


-  .05 
+  .23 

-  .12 
+  .13 
+  .14 

-  .08 

-  .24 

-  .14 


+  .30 
+  .22 
+  .22 
+  .23 
+  .07 
+  .12 
+  .14 
+  .19 


+  .11 

-  .13 

-  .23 
+  .01 
+  .04 
+  .05 

-  .21 

-  .11 


Average  of  expe  iments  37  and 
38—8  days  


.21 


-  .03 


.18 


Work,  with  food,  1st  day  

Work,  with  [ood,4th  day  

Work,  with  food,  1st  day  

Work,  with  food,  4th  day  

Work,  with  food,  1st  day  


62 


+  .09 
-  .07 


.05 
.05 


+  .05 
-  .09 


From  the  data  summarized  above  it  will  be  seen  that  changes  of 
0.5°  C.  or  more  in  2  hours  are  not  infrequent,  and  in  one  instance 
a  change  of  0.91°  C.  is  recorded,  although  the  net  change  in  the  24 
hours  from  7  a.  m.  to  7  a.  m.  seldom  exceeds  0.10°  C. 

Gain  or  loss  of  body  heat. — According  to  PembreyV'  estimate  the 
specific  heat  of  the  human  body  is  not  far  from  0.83.  The  subject  of 
these  experiments  weighed  from  75  to  80  kilograms,  his  average 
weight  being  about  77  kilograms,  so  that  a  rise  or  fall  of  0.1°  C.  in 
the  temperature  of  his  body  would  correspond  to  a  gain  or  loss  of 
(0.1X0.83X77  =  )  6.1  calories,  or  32  calories  for  a  change  of  0.5°  C. 
That  is  to  say,  if  the  body  cools  0.5°  during  a  given  period,  32  calo- 
ries of  heat  will  be  eliminated  and  measured  by  the  calorimeter  in 
excess  of  the  amount  produced  in  the  same  period,  and  if  the  temper- 
ature rises  the  corresponding  amount  of  heat  produced  will  be  stored 
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and  not  measured.  In  the  night  periods,  when  the  amount  of  heat 
measured  is  relatively  small,  this  storage  or  loss  of  heat  may  repre- 
sent an  appreciable  proportion  of  the  total  amount,  as  will  be  seen  in 
Table  95. 

Correction  for  heat  absorbed  by  bed  and  bedding.- — When  the  subject 
leaves  his  bed  (at  7  a.  m.)  the  bedding,  etc.,  which  has  been  warmed 
by  his  body,  cools  down  to  the  temperature  of  the  calorimeter,  and 
when  he  retires  (at  11  p.  m.)  the  radiation  of  heat  from  the  body  is 
impeded  while  part  of  the  bedding  is  being  warmed  to  a  temperature 
near  that  of  the  body.  The  result  of  this  is  that  the  heat  measurement 
for  the  period  7  a.  m.  to  9  a.  m.  is  too  high,  and  that  from  11  p.  m.  to  1 
a.  m.  is  too  low.  This  increase  or  decrease  in  the  amount  of  heat  radi- 
ated affects  correspondingly  the  amount  of  heat  carried  out  of  the 
chamber  by  the  water  current  and  is  immediately  noticed  by  the 
observer  outside  the  chamber,  although  the  available  data  are  insuffi- 
cient for  estimating  its  exact  amount.  A  tentative  figure,  which  is, 
unfortunately,  but  little  better  than  a  rough  estimate,  is  30  calories 
for  the  amount  of  heat  stored  in  the  bedding  at  night  and  given  off  in 
the  morning.  This  figure  was  obtained  by  working  backward  from 
the  thermal  quotient  (see  beyond),  and  thus  finding  what  figure  would 
give  the  most  uniform  results  when  added  (algebraically)  to  the  values 
for  periods  7  a.  m.  to  9  a.  m.  and  11  p.  m.  to  1  p.  m. ,  and  comparing  the 
figures  thus  obtained  with  the  estimated  amount  of  heat  required  to 
raise  the  bedding  and  inclosed  air  from  20°  to  35°. 

Total  heat  production — Amount  of  energy  katabolized. — Applying 
the  above  corrections  for  the  heat  stored  or  lost  by  the  bedding  and 
for  changes  in  body  temperature,  tentative  values  are  obtained  for  the 
amounts  of  heat  produced.  These  corrections  have  been  applied  in 
all  experiments  in  which  the  measurements  of  body  temperature  were 
made  with  the  rectal  thermometer  (Nos.  35-42,  50,  and  51)  as  shown  in 
detail  in  Table  95.  The  table  also  includes  column  (/"),  which  shows 
the  amount  of  carbon  dioxid  produced  by  the  body,  and  column  (g), 
which  shows  the  so-called  " carbon  dioxid  thermal  quotient"' — that  is, 
the  ratio  of  heat  produced  to  carbon  dioxid  produced.  These  data  are 
discussed  later  (page  168). 
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Table  95. — Corrected  amount  of  heat  produced  and  ratio  of  heat  to  carbon  dioxid. 


Period. 

(a) 
Rise  (  +  ) 

or 
fall  (-) 
of  body 
tempera- 
ture. 

(6) 
Gam  (  +  ) 

or 
loss  (  — ) 
of  body 
heat,* 
0.83  a  xw. 

(c) 
Assumed 
correc- 
tion for 
bed  and 
bedding. 

(d) 

Heat 
elimi- 
nated 
(meas- 
ured). 

(«) 
Corrected 
amount 
of  heat 

pro- 
duced. 
b+c+d. 

(/) 

Carbon 
dioxid 
elimi- 
nated. 

(<7) 
Carbon 
dioxid 
per  100 
calories 
of  energy, 
100 /-t-c 

Experiment  No.  35,  red,  with 
food. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a  m  

°a 

+0. 69 

-  .08 

—  .11 

Calories. 
+43. 5 

-  5.0 

-  7.0 

Calorics. 
-30 

Calories. 
253.4 
232. 9 
210.3 

Calories. 
266.9 
227.  9 
203. 3 

Grams. 
90.2 
73.6 
66.6 

Grams. 
33.8 
32.3 
32.8 

11  a.  m.  to  1  p.  m  

Total,  6  hours  

1  p.  m.  to  3  p.  m  

+  .50 

+31.5 

-30 

696.6 

698.1 

230.4 

•  33.0 

+  .14 
+  .14 

-  .08 

+  8.8 
+  8.8 
-  5.0 

231.3 
224.8 
216.8 

240. 1 
233.6 
211.8 

85.9 
70.9 
75.2 

35.8 
30.4 
35.5 

3  p.m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

+  .20 

+12.6 

672.9 

685.5 

232. 0 

33.9 

Total,  12  hours  

7  p.  m.  to  9  p.  m  

+  .70 

+44.1 

-30 

1, 369.  5 

3,383.6 

462.4 

33.4 

-  .  01 

-  .33 

-  .48 

-  .6 
-20.8 
-30.3 

219.8 
213.0 
145.2 

219.  2 
192. 2 
144.9 

67. 6 
69.5 
59.5 

30. 8 
36.2 
41.1 

9  p.  m.  to  11  p.  m  

11  p.  m.  to  1  a.  m  

Total,  6  hours  

la.  m.  to  3  a.  m  

+30 

-  .82 

-51.7 

+30 

578.0 

556.3 

196.6 

35.3 

+  .07 
—  .03 

+  4.4 
—  1.9 
+11.4 

154.9 
140.  4 
154.2 

159.3 
138. 5 
165.6 

50.2 
51 . 9 

31.5 
37  5 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

+  .18 

51.0  30.8 

Total,  6  hours  

+  .22 

+13.9 

449.5 

463.4 

153.1  33.0 

Total,  12  hours  

Total,  24  hours  

-  .60 

-37.8 

+30 

1,027.5 

1,019.7 

349.7  34.3 

+  .10 

+  6.3 

2, 397. 0 

2, 403. 3 

812.1 

33.8 

Experiment  No.  36,  fasting. 
9  a.  to.  to  11  a.  to  

+  .52 

-  .01 

-  .11 

+31.9 

-  .6 

-  6.7 

— ou 

237.5 
216. 9 
202.5 

239. 4 
216.3 
195.8 

76.4 
67.8 
58.6 

31.9 
31.4 
29.9 

11  a.  m.  to  1  p.  m  

Total,  6  hours  

1  p.  m.  to  3  p.  m  

+  .40 

+24.  6 

-30 

656.  9 

651.  5 

202.8 

31.1 

-  .03 
+  .02 

-  .04 

-  1.8 
+  1.2 

-  2.5 

212.7 
199.3 
198.9 

210.9 
200. 5 
196.4 

66.6 
59.2 
60.2 

31.6 
29.5 
30.7 

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

-  .05 

-  3.1 

610.9 

607.8 
1,259.3 

186.0 

30.6 

Total,  12  hours  

7  p.  to.  to  9  p.  TO  

+  .35 

+21.5 

-30 

1,267.8 

388.8 

30.9 

-  .04 

-  .24 

-  .67 

-  2.5 
-14.7 
-41.1 

202.3 

199.8 
178,4 
120.4 

63.6 
57.6 
50.0 

31.8 
32.3 
41.5 

193.1 
131.5 

11  p.  m.  to  1  a.  m  

Total,  6  hours  

la.  m.  to  3  a.  m  

+30 

-  .95 

-58. 3 

+30 

526.9 

498.6 

171.2 

34.3 

+  .27 
+  .01 
+  .81 

+16.6 
+    .  6 
+49.7 

131. 6 
149. 3 
177.2 

148.2 
149. 9 
226.9 

49.0 
45.9 
56.2 

33.1 
30.6 
24.8 

3  a.  to.  to  5  a.  to 

5  a.  m.  to  7  a,  m  

+1.09 

+66.9 

458.1 

525.0 

151.1 

28.8 

Total,  12  hours  

Total,  24  hours  

+  .14 

+  8.6 

+30 

985.0 

1,023.6 

322.3 

31.5 

+  .49 

+30.1 

2, 252. 8 

2, 282. 9 

711.1 

31.1 

*The  figures  in  this  column  are  obtained  by  multiplying  together  the  specific  heat  of  the  body 
(taken  as  0.83) ,  the  body  weight,  and  the  change  in  temperature.  For  the  record  of  body  weight,  see 
Table  127,  of  Appendix. 
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Table  95. — Corrected  amount  of  heat  produced  and  ratio  of  heat  to  carbon  dioxid — Cont'd. 


Period. 


(«) 
Rise  (  +  ) 

or 
fall  (-) 
of  body 
tempera- 
ture. 


(&)  (c) 
Gam(+)  I  Assumed 
correc- 
tion for 


or 
loss  (—) 
of  bodv 
heat  * 
0.83 ax  it'. 


bed  and 
bedding. 


Heat 
elimi- 
nated 
(meas- 
ured). 


(e) 

Corrected 
amount 
of  heat 

pro- 
duced, 
b+c+d. 


(/) 

Carbon 
dioxid 
elimi- 
nated. 


(g) 

Carbon 
dioxid 
per  100 
calories 
ofenergv, 
100  f+e. 


Experiment  Xo.  39,  fasting. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

11  a.  m.  to  1  p.  m  

Total,  6  hours  


1  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  ..... 
5  p.  m.  to  7  p.  m  

Total,  6  hours  . 

Total,  12  hours 


7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  . 
11  p.  in.  tola.  m... 

Total,  6  hours 

1  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  


Total,  6  hours  

Total,  12  hours  

Total,  24  hours  

Experiment  No.  1&,  fasting. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

11  a.  m.  to  1  p.  m  

Total,  6  hours  

I  p.  m.  to  3  p.  m   

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

Total,  12  hours  

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  

II  p.  m.  to  1  a.  m  

Total,  6  hours  


1  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  rn.  to  7  a.  m  

Total,  6  hours  . 

Total,  12  hours 

Total,  24  hours 


°C. 
+0. 24 
0.0 
+  .08 


Calories. 
+14.5 


Calories. 


+  .32 


-  .04 

+  .12 
+  .02 


.10 


+  .28 


+  .11 

+  .06 
+  .02 


+  .19 


+  .04 
-  .06 
+  .09 


+  .07 


,26 


+  .02 
+  .07 
+  .24 


+  • 


4.9 


+19.4 


-30 


Calories. 
218.8 
199.2 
163.3 


Calories. 
203.3 
199.2 
168.2 


Grams. 
66.5 
62.4 
51.2 


581.3 


570.7 


—22. 4 
+  4.9 
+  4.2 


-13.3 


+  .10       +  6.1 


-  2.4 
+  7.3 
+  1.2 


+  6.1 


-19.4 
+  7.3 
+23.0 


186.7 
161.6 
169.0 


164.3 
166. 5 
173.2 


517.3 


504.0 


-.30  1,098.6 


1,074. 


+30 


143.1 
159.6 
164.7 


140.7 
166.9 
195.9 


+30 


17.4 


503. 5 


160.6 
127.7 
172.6 


141.2 
135.  0 
195.6 


+  .18  +10.9 


460.  9 


471.8 


+17.0 


+30 


975.  3 


-23.1  i  !  2,026.9 


2, 050. 0 


+  7.0 

+  3.8 
+  1.3 


-30 


+12.1  | 


-30 


225. 9 
147.7 
148.1 


202.  9 
151.  5 
149.4 


521 . 


503.  8 


+  2.5 
-3.8 
+  5.7 


163.1 
158. 1 
166.4 


165.6 
154. 3 
172.1 


+  4.4 


487.  0 


492.  0 


-16.5 


-30  1,009.3 


995. 8 


-  1.3 
-13.3 
-19.1 


+30 


160.0 
181.5 
137.7 


158.7 
168.2 
148.6 


-33. 


-30 


17Q  •> 


+  1.3 
+  4.5 
+15.2 


+21.0 


-.20  -12. 


+30 


146.8 
144.2 
166.6 


457.6 


475.5 


148.1 
148.7 
181.8 


478.6 


+  .06  +3.8 


1,' 


56. 5 
54. 5 
50.0 


161.0 


341.1 


65.5 
50.8 
51.8 


168.1 


42.4 
45.2 
52. 1 


139.  7 


75.1 
49.1 
52.7 


51.4 
50.6 
53.7 


155.  7 


332.(1 


51.9 
48.0 
47.9 


147.8 


139.3 


619.7 


Grams. 
32.7 
31.3 
30.4 


*  The  figures  in  this  column  are  obtained  by  multiplying  together  the  specific  heat  of  the  body 
(taken  as  0.83),  the  body  weight,  and  the  change  in  temperature.  For  the  record  of  body  weight,  see 
Table  127,  of  Appendix. 
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Table  95. — Corrected  amount  of  heat  produced  and  ratio  of  heat  to  carbon  dioxid — Cont'd. 


Period. 

(a) 
Rise  (  +  ) 

or 
fall  (-) 
of  body 
tempera- 
ture. 

(6) 
Gain  (  +  ) 

or 
loss  (  —  ) 
of  body 
heat,* 
0.83  ax  w. 

(c) 
Assumed 
correc- 
tion for 
bed  and 
bedding. 

(d) 

Heat 
elimi- 
nated 
(meas- 
ured). 

(«) 

Corrected 
amount 
of  heat 

pro- 
duced, 
b+c+d. 

(/) 

Carbon 
dioxid 
elimi- 
nated. 

(g) 

Carbon 
dioxid 
per  100 
calories 
of  energy, 
100  f+e. 

Experiment  No.  37,  work,  carbo- 
hydrate diet. 

7  a.  m.  to  9  a.  ru  

9  a.  m.  to  11  a.  m  

°  a 

+0.80 

-  .20 

—  .  30 

Calories. 
+50.0 
-12.5 
—18. 7 

Calories. 
-30 

Calories. 
470. 2 
098.9 
637. 1 

Calories. 
490.2 
686.4 
618. 4 

Grams. 
179.3 
242.1 
219. 8 

Grams. 
36.6 
35.3 
35. 5 

11  a.  m.  to  1  p.  m  

Total,  6  hours  

1  p.  m.  to  3  p.  m  

+  30 

+18.  8 

—30 

1  806. 2 

1  795. 0 

641. 2 

35  7 

_l_  go 
+  .20 
-  .37 

+18. 7 
+  12.5 
-23.1 

495  4 
725. 1 
589.1 

514  1 
737.6 
566.0 

179  3 
243.3 
204.  2 

oi.  y 
33.0 
36.1 

3  p.  m.  to  5  p.  m  

Total,  6  hours  

+  .  13 

+  8. 1 

1  809.  6 

1  817. 7 

626.  8 

34. 5 

7  p.  m.  to  9  p.  m  

+26. 9 

 30 

3  gj5_  g 

3, 612. 7 

1  268. 0 

35  1 

-  .02 

-  .35 
  _  21 

-  1.3 
-21.9 
—13. 1 

276. 9 
269.3 
141  5 

275.6 
247.4 
158. 4 

95.6 
87.7 
56. 3 

34.7 
35.5 
35  5 

9  p.  m.  to  11  p.  m  

11  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  ra.  to  3  a.  ru  

+30 

  _  5g 

—36.  3 

+30 

687. 7 

681. 4 

239.  6 

35. 2 

  OQ 

+  .05 
+  .21 

 12. 5 

+  3.1 
+15. 0 

163  1 
143.8 
153.8 

150  6 
146.9 
168.8 

50. 6 
46.1 
51.4 

33  6 
31.4 
30.5 

3  a.  m.  to  5  a.  m  

5  a.  m.  7  a.  m  

Total,  G  hours  

+  .09 

+  5.6 

460.7 

466. 3 

148.1 

31.8 

Total,  12  hours  

Total,  21  hours  ... 

-  .49 

-30.7 

+30 

1, 148. 4 

1,147.7 

387.7 

33.8 

-  .06 

-  3.8 

4,  764. 2 

4, 760. 4 

1,  655. 7 

34.8 

Experiment  No.  W,  work,  carbo- 
hydrate diet. 

7  a.  m.  to  9  a.  ru  

9  a.  m.  to  11  a.  m  

+  .76 
-  .14 
  32 

+47.4 
-  8.7 
 20  0 

-30 

487.6 
810.0 
721. 1 

505.0 
801.3 
701. 1 

183.0 
296.7 
245.  9 

36.2 
37.0 
35. 1 

11  a.  m.  to  1  p.  m  

Total,  6  hours  

1  p.  m.  to  3  p.  m  

_|_  3Q 

+18  7 

 30 

2  018  7 

2  007  4 

725  6 

36  1 

-+■    .  04: 

+  .31 
-  .57 

+21  2 
+19.3 
-35.5 

555.  7 
806.6 
658. 1 

576. 9 
825.9 
622.  6 

204.  9 
288. 8 
219.8 

35. 5 
35.0 
35.3 

3  p.  m.  to  5  p.  m  

5  p.  ru.  to  7  p.  ru  

Total,  6  hours  

+  .  08 

+  50 

2  020  4 

2  025. 4 

713. 5 

35. 2 

Total,  12  hours  

_l_  3g 

+23  7 

 30 

4  039  1 

4  032  8 

1  439  1 

35  7 

7  p.  m.  to  9  p.  m  

-  .14 

-  .31 


-  8.7 
-19.3 
 10  6 

281.7 
251.4 
167  5 

273.0 
232. 1 
186  9 

106.8 
84.8 
61. 2 

39.1 
36.5 
32  8 

9  p.  m.  to  11  p.  m  „  

11  p.  m.  to  1  a.  ru  

Total,  6  hours  

1  a.  m.  to  3  a.  m  

+30 

  g2 

—  dO.  0 

+30 

700  6 

252  8 

36  5 

-  .06 
+  .16 

+  56 
-  3.7 
+  9.9 

162  4 
152.0 
168.9 

168  0 
148.3 
178.8 

53.  3 
50.1 
54.5 

31. 7 
33.8 
30.5 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours  

4-  .19 

+11.8 

483.3 

495.1 

157.9 

31.9 

Total,  12  hours  

Total,  24  hours  

-  .43 

-26.8 

+30 

1,183.9 

1,187.1 

410.7 

34.6 

-  .05 

-  3.1 

5, 223. 0 

5,219.9 

1,849.8 

35.4 

*The  figures  in  this  column  are  obtained  by  multiplying  together  the  specific  heat  of  the  body 
(taken  as  0.83),  the  body  weight,  and  the  change  in  temperature.  For  the  record  of  body  weight,  see 
Table  127,  of  Appendix. 
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Table  95. — Corrected  amount  of  heat  produced  and  ratio  of  heat  to  carbon  dioxid — Cont'd. 


Period. 

(a) 
Rise  (  +  ) 

or 
fall  (-) 
of  body 
tempera- 
ture. 

(6) 
Gain(+) 

or 
loss  (  — ) 
of  body 
heat,* 
0.83  a  x  w. 

(0 
Assumed 
correc- 
tion for 
bed  and 
bedding. 

(d) 

Heat 
elimi- 
nated 
(meas- 
ured). 

(e) 
Corrected 
amount 
of  heat 

pro- 
duced, 
b+c+d. 

(/) 

Carbon 
dioxid 
elimi- 
nated. 

iff) 
Carbon 
dioxid 
per  100 
calories 
of  energy, 
lQOf+e. 

Experiment  No.  38,  work,  fat 
diet. 

7  a.  m.  to  9  a.  m  , 

9  a.  m.  to  11  a.  m  

°C. 
+0. 80 

-  .20 

-  .30 

Calories. 
+50.0 
-12.5 
-18.7 

Calories. 
—30 

Calories. 
425.1 
656.5 
584.6 

Calories. 
445.1 
644.0 
565.9 

Grams. 
154.4 
209.6 
189.2 

Grams. 
34.7 
32.6 
33.4 

11  a.  rn.  to  1  p.  m  

1  p.  m.  to  3  p.  m  

+  .30 

+18.8 

-30 

1,666.2 

1, 655. 0 

553.2 

33.4 

+  .30 
+  .30 
-  .34 

+18.7 
+18.8 
-21.3 

474.5 
671.0 
526.9 

493.2 
689.8 
505.6 

160.6 
220.1 
182. 1 

32.6 
31.9 
36.0 

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

+  .26 

+16.2 

1,672.4 

1, 688. 6 

562.8 

33.3 

Total,  12  hours  

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  

+  .56 

+35.0 

-30 

3,338.6 

3,343.6 

1,116.0 

33.4 

-  .04 

-  .26 

-  .15 

-  2.5 
-16.2 

-  9.4 

263.4 
247.4 
151.3 

260.9 
231.2 
171.9 

81.6 
74.0 
55.9 

31.3 
32.0 
32.5 

11  p.  m.  to  1  a.  m  

Total,  6  hours  

la.  m.  to  3  a.  m  

+30 

-  .45 

-28.1 

+30 

662. 1 

664.0 

211.5 

31.9 

-  .22 

-  .08 
+  .13 

-13.7 
-  5.0 
+  8.1 

172.9 
147.1 
156.1 

159.2 
142. 1 
164.2 

51.6 
45.5 
49.2 

32.4 
32.0 
30.0 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours  

-  .17 

-10.6 

476.1 

465. 5 

146.3 

31.4 

Total,  12  hours  

Total,  24  hours  

-  .62 

-38.7 

+30 

1,138.2 

1,129.5 

357.  8 

31.7 

—  .  06 

—  3. 7 

4  476.  8 

4  473. 1 

1  473. 8 

32. 9 

Experiment  No.  Ul,  work,  fat 
diet. 

7  a,  ni.  to  9  a.  m  

9  a.  m.  to  11  a.  m  

+  .91 

-  .42 

-  .43 

+56.  9 
-26.3 
-26.9 

—30 

502. 2 
831.1 
732. 4 

529.1 
804.8 
705.5 

177.1 
269.8 
223.0 

33.5 
33.5 
31.6 

11  a.  m.  to  1  p.  m  

Total,  6  hours  

1  p.  m.  to  3  p.  m  

+  .06 

+  3.7 

-30 

2, 065. 7 

2,039.4 

669.9 

32.8 

+  .31 
+  .20 
-  .21 

+19.4 
+12.5 
-13.1 

540.8 
783.7 
643.5 

560.2 
796.2 
630.4 

189.8 
248.2 
214.2 

33.9 
31.2 
34.0 

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours  

+  .30 

+18.8 

1,968.0 

1,  986. 8 

652.2 

32.8 

Total,  12  hours  

7  p.  m.  to  9  p.  m  

+  .36 

+22. 5 

-30 

4,033.7 

4,026.2 

1, 322. 1 

32.8 

-  .14 

-  .20 
0.0 

-8.8 
-12.5 
0.0 

272.5 
258. 3 
166.1 

263.7 
245.8 
196.1 

81.9 
74.6 
60.0 

3L1 
30.4 
30.6 

9  p.  m.  to  11  p.  m  

11  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  3  a  m  

+30 

-  .34 

-21.3 

+30 

696.9 

705.6 

216.5 

30.7 

-  .07 

—  .05 
+  .03 

-  4.4 

—  3.1 
+  1.9 

170.9 
158.  5 
181.7 

166.5 
155. 4 
183.6 

54.2 
49.  0 
51.7 

32.5 
31.5 
28.2 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

-  .09 

-  5.6 

511.1 

505. 5 

154.9 

30.6 

Total,  24  hours  

-  .43 

-26.9 

+30 

1,208.0 

1,211.1 

371.4 

30.7 

-  .07 

-  4.4 

5,241.7 

5, 237.  3 

1, 693.  5 

32.3 

*  The  figures  in  this  column  are  obtained  by  multiplying  together  the  specific  heat  of  the  body 
(taken  as  0.83) ,  the  body  weight,  and  the  change  in  temperature.  For  the  record  of  body  weight,  see 
Table  127,  of  Appendix. 
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Table  95. — Corrected  amount  of  heat  produced  and  ratio  of  heat  to  carbon  dioxid — Cont'd. 


Period. 

(a) 
Rise  (  +  ) 

or 
fall  (-) 
of  body 
tempera- 
ture. 

(&) 
Gain  (  +  ) 

or 
loss  (— ) 
of  body 
heat,* 
0.83  ax  w. 

(c) 

Assumed 
correc- 
tion for 
bed  and 

bedding. 

(d) 

Heat 
elimi- 
nated 
(meas- 
ured). 

(e) 
Corrected 
amount 
of  heat 

pro- 
duced, 
b+c+d. 

(/) 

Carbon 
dioxid 
elimi- 
nated. 

(9) 
Carbon 
dioxid 
per  100 
calories 
of  energy, 
100  f+e. 

Experiment  No.  50,  five  hours' 
work,  one  meal. 

7  a.  m.  to  9  a.  m  

°  a 

+0. 75 

-  .07 

-  .30 

Calories. 
+49. 8 
-  4.7 
-19.9 

Calories. 
-30 

Calories. 
468.1 
749.9 
701.4 

Calories. 
487.9 
745. 2 
681.5 

Grams. 
167.9 
247.5 
249.4 

Grams. 
34.4 
33.21 
36.  ft 

Total,  6  hours  

3  p.  m.  to  5  p.  m  

+  .38 

+25.2 

-30 

1,919.4 

1,914.6 

664.8 

34. 7' 

+  .30 
-  .30 

+19. 9 
-19.3 

453.3 
344.9 
256.9 

473.2 
325.0 
256.9 

146.3 
113.6 
80.7 

30.9' 
35.0) 
31. 4 

Total,  6 hours...  

1, 055. 1 

1,055.1 

340.6 

32. 3; 

Total,  12  hours  

7  p.  m.  to  9  p.m......  

+  .38 

+25.2 

-30 

2,974.5 

2, 969. 7 

1,005.4 

33. 9' 

-  .04 

-  .62 
+  .06 

-  2.7 

277.5 
248.3 
143.8 

274.8 
207.2 
177.8 

80.1 
73.6 
59.6 

29. 2: 
35.5 
33.5 

9  p.  m.  to  11  p.  m   

11  p.  m.  to  1  a. rn  

Total,  6  hours  

la.  m.  to  3  a.  m  

+  4.0 

+30 

-  .60 

-39.8 

+30 

669.6 

659.8 

213.3 

32.3 

+  .09 
—  .09 
+  .22 

+  6.0 
—  6.0 
+14.6 

168.1 
171.  6 
150.2 

174.1 
165. 6 
164.8 

50.6 
51. 8 
53.5 

29.1 
31. 3 
32.5 

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  . ,  

Total,  6  hours  

+  .22 

+14.6 

489.9 

504.5 

155.9 

30.9 

Total,  24  hours  

-  .38 

-25.2 

+30 

1, 159.  5 

1,164.3 

369.2 

31.7 

0.0 

0.0 

4, 134. 0 

4, 134.  0 

1,374.6 

33.3 

Experiment  No.  51,  fasting. 

7  a.  m.  to  9  a.  in  

9  a.  m.  to  11  a.  m  

+  .36 
-  .05 
+  .08 

+23.5 

-  3.3 
+  5.2 

-30 

268.0 
203.3 
199.1 

261.5 
200.0 
204.3 

72.5 
62.0 
59.7 

27.7 
31.0 

29.2 

11  a.  m.  to  1  p.  m  

Total,  6  hours  

+  .39 

+25.4 

-30 

670.4 

665.8 

194.2 

29.2 

0.0 
0.0 
-  .10 

0.0 
0.0 

-  6.5 

205.4 
193.9 
200. 1 

205.4 
193.9 
193.6 

62.2 
57.1 
60.7 

30.3 
29.5 
31.3 

3  p.  m.  to  5  p.  m  

Total,  6  hours  

-  .10 

-  6.5 

599. 4 

592.  9 

180.0 

30.4 

7  p.  m.  to  9  p.  m  

+  .29 

+18.9 

-30 

1,269.8 

1, 258.  7 

374.2 

29.7 

-  .32 

-  .09 

-  .15 

-20.9 

-  5.9 

-  9.7 

227.6 
219.0 
167.7 

206.7 
213.1 
188. 0 

64.2 
55.6 
54.7 

31.1 
26.1 
29.1 

9  p.  m.  to  11  p.  m  

11  p.  m.  to  1  a.  m  

Total,  6  hours  

1  a.  m.  to  3  a.  m  

+30 

-  .56 

-36. 5 

+  30  614.3 

607.8 

174.5 

28.7 

-  .03 
+  .13 
+  .11 

-  2.0 
+  8.5 
+  7.2 

151.6 
158.3 
161.3 

149.6 
166.8 
168.5 

47.8 
50.8 
53.1 

32.0 
30.5 
31.5 

3  a.  m.  to  5  a.  m  

5  a.  in.  to  7  a.  m  

Total,  6  hours  

+  .21 

+13.7 

471.2 

484.9 

151.7 

31.3 

Total,  12  hours  

Total,  24  hours  

-  .35" 

-22. 8 

+30' 

1, 085.  5 

1,092.7 

326.2 

2979 

-  .06       -  3.9 

2, 355. 3 

2, 351. 4 

700.4 

29.8 

*The  figures  in  this  column  are  obtained  by  multiplying  together  the  specific  heat  of  the  body 
(taken  as  0.83),  the  body  weight,  and  the  change  in  temperature.  For  the  record  of  body  weight,  see 
Table  127,  of  Appendix. 
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ESTIMATES  OF  AMOUNTS  OF  OXYGEN  CONSUMED. 

When  the  amounts  of  oxygen  which  the  body  takes  from  the  inhaled 
air  and  uses  for  oxidation  (or  perhaps  stores  for  later  use)  is  learned 
either  by  direct  determination  or  estimate,  it  is  possible,  b}^  taking  into 
account  the  amounts  of  carbon  dioxid  excreted  in  the  respired  air,  to 
compute  the  respiratory  quotient.  In  the  metabolism  experiments 
thus  far  made  with  the  respiration  calorimeter  the  ox}Tgen  consumption 
has  not  been  measured  directly. a  However,  the  amounts  of  oxygen  may 
be  estimated  from  the  quantities  and  composition  of  the  food,  drink, 
and  excreta  according  to  a  method  elaborated  by  E.  B.  Rosa.^  The 
procedure  may  be  explained  by  the  following  example,  in  which  the 
oxygen  consumed  in  experiment  No.  35  is  calculated,  the  necessary 
data  being  found  in  the  tables  on  pages  46,  51,  and  in  the  Appendix, 
which  give  the  results  of  the  experiment.    The  several  steps  are  : 

First,  the  income  of  nitrogen,  carbon,  hydrogen,  oxygen,  and  of 
ash  for  the  1  days  is  calculated  from  the  total  amount  of  food  and 
drink  by  the  use  of  analytical  data  and  chemical  formulas,  in  the  fol- 
lowing way:  The  total  amount  of  food  consumed  during  the  4  days  of 
the  experiment  was  5,580.0  grams,  of  which  3,687.6  grams  was  water 
and  1,892.4  grams  solids.  By  the  usual  method  the  water  in  the  food 
is  calculated  to  contain  412.6  grams  of  hydrogen  and  3,275.0  grams  of 
oxygen.  The  elementary  analyses  of  the  solid  (water  free)  food 
material  showed  that  it  contained  64.2  grams  of  nitrogen,  944.4  grams 
of  carbon,  139.3  grams  of  hydrogen,  695.5  grams  of  oxygen  (by  dif- 
ference) and  49  grams  of  mineral  matter  or  ash.  The  water  drunk  or 
taken  in  the  form  of  coffee  amounted  to  4,000.0  grams,  equivalent  to 
447.6  grams  hydrogen  and  3,552.4  grams  oxygen.  The  total  income  in 
food  and  drink,  during  the  4  days,  therefore,  amounted  to  9,580  grams 
and  was  composed  of  64.2  grams  of  nitrogen,  944.4  grams  of  carbon, 
999.5  grams  of  hydrogen,  49.0  grams  of  ash,  and  7,522.9  grams  of 
oxygen. 

Similarly  the  elementary  composition  of  the  outgo  is  ascertained  as 
follows: 

The  total  amount  of  feces  excreted  during  the  4  days  was  395.3 
grams,  of  which  310.7  grams  was  water  and  84.6  grams  solid  matter. 
This  amount  of  water  was  equivalent  to  34.8  grams  hydrogen  and 
275.9  grams  oxygen.  Analysis  of  the  dry  matter  of  the  feces  showed 
that  it  contained  a  total  of  4.9  grams  nitrogen,  39.9  grams  carbon,  5.7 
grams  hydrogen,  15.0  grams  ash,  and  (by  difference)  19.1  grams  oxygen. 

The  amount  of  urine  excreted  was  5,683.4  grams,  consisting  of 
5,455.5  grams  of  water  and  227.9  grams  of  solids.    The  water  was 

a  Arrangements  for  the  direct  determination  of  oxygen  have  been  lately  devised  and 
the  results  of  experiments  including  this  factor  await  publication. 
^Phys.  Rev.,  10  (1900),  p.  129. 
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composed  of  610.5  grams  of  hydrogen  and  4,845.0  grams  of  ox}^gen. 
Analyses  showed  that  the  solids  contained  63.4  grams  nitrogen,  47.2 
grams  carbon,  11.9  grams  hydrogen,  24.9  grams  ash,  and  (by  differ- 
ence) 80.5  grams  oxygen.  The  estimation  by  difference  of  oxygen  in 
the  water-free  substance  of  the  food,  urine,  and  feces  is  of  course 
crude,  and  is  one  of  the  weak  points  of  the  method. 

The  water  of  respiration  and  perspiration,  as  determined  by  the 
respiration  calorimeter,  amounted  to  3,524.0  grams,  of  which  394.3 
grams  was  hydrogen  and  3,129.7  grams  oxygen.  The  total  carbon 
dioxid  exhaled  was  found  in  like  manner  to  be  3,248.3  grams,  equiva- 
lent to  886.0  grams  carbon  and  2,362.3  grams  oxygen.  The  total  outgo 
was  accordingly  68.3  grams  nitrogen,  913.1  grams  carbon,  1,057.2 
grams  hydrogen,  10,712.5  grams  oxygen,  and  39.9  grams  ash. 

The  difference  between  income  and  outgo  represents  the  gain  or  loss 
of  body  material.  In  the  above  example  the  outgo  of  everything 
except  mineral  matter  was  greater  than  the  income,  the  total  loss 
being  3,271.0  grams,  made  up  of  4.1  grams  nitrogen,  28.7  grams  carbon, 
57.7  grams  hydrogen  and  3,189.6  grams  oxygen.  The  gain  of  ash, 
i.  e.,  mineral  matter,  was  9.1  grams. 

Assuming  body  protein  to  contain  16  per  cent  nitrogen,  53  per  cent 
carbon,  7  per  cent  hydrogen,  23  per  cent  oxygen,  and  1  per  cent  sul- 
phur, the  loss  of  4.1  grams  of  nitrogen  would  be  equivalent  to  a  loss 
of  25.6  grams  of  body  protein,  containing  13.6  grams  carbon,  1.8 
grams  hydrogen,  5.9  grams  oxygen,  and  0.2  gram  sulphur,  which  is 
taken  as  ash. 

As  just  stated,  the  outgo  of  carbon  exceeded  the  income  by  28.7 
grams,  of  which  13.6  grams  was  in  the  protein  lost  from  the  body. 
This  leaves  15.1  grams  of  carbon  to  be  accounted  for.  Such  carbon 
might  belong  to  either  fat  or  glycogen  (carbohydrates)  lost  from  the 
body.  It  is  here  assumed  (see  page  174)  that  the  amount  of  glycogen  in 
the  body  is  the  same,  from  day  to  day,  at  7  a.  m.,  the  hour  when  all 
experiments  begin  and  end.  On  this  assumption  the  15.1  grams  of 
carbon  was  all  lost  in  the  form  of  body  fat.  The  above  reasoning  and 
assumption  may  be  erroneous;  if  it  is,  it  introduces  an  error  into  the 
calculations. 

The  composition  of  bodv  fat,  as  determined  in  this  laboratory  by 
Benedict  and  Osterberg,"  is  76.08  per  cent  carbon,  11.80  per  cent 
hydrogen,  and,  by  difference,  12.12  per  cent  ox3^gen.  Thus  the  15.1 
grams  of  carbon  lost  would  correspond  to  19.8  grams  of  body  fat,  con- 
taining 2.3  grams  of  hydrogen  and  2.4  grams  of  oxygen. 

A  loss  of  53.6  grams  of  hydrogen  now  remains  to  be  accounted  for, 
and  this  is  attributed  to  a  loss  of  water  from  the  body,  equivalent  to 
479  grams,  containing  425.4  grams  of  oxygen. 

Since  the  body  gained  9.1  grams  of  mineral  matter  and  is  assumed 


«Amer.  Jour.  Physiol.,  4  (1900),  p.  74. 
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to  have  lost  0.2  gram  as  sulphur  in  the  protein  lost,  its  actual  gain 
from  the  food  was  calculated  to  be  9.3  grams  ash. 

The  total  income  of  oxygen  from  food  and  drink  as  above  calculated 
is  7,522.9  grams.  The  total  outgo  in  the  excreta  is  10,712.5  grams. 
The  difference  is  3,189.6  grams,  of  which  433.7  grams  was  contained 
in  the  protein,  fat,  and  water  lost  from  the  body.  This  leaves  2,755.9 
grams  of  oxygen  which  the  body  gave  off  over  and  above  that  which 
it  secured  in  food  and  drink  and  supplied  from  its  accumulated  store 
of  material.  If  the  calculations  and  assumptions  are  correct  this  is 
the  amount  it  took  from  the  air.  The  above  calculations  are  here 
summarized  in  Table  96. 


Table  96. — Estimated  income  and  outgo  of  matter  in  metabolism  experiment  No.  35,  with 
J.  C.  W.j  at  rest  and  on  ordinary  diet — Total  amounts  for  four  days. 


Materials. 

Weight. 

in  1  iro- 
gen. 

Car- 
bon. 

gen. 

Oxygen 

( esti- 
mated). 

Ash. 

Income. 

Water  in  food  

Grams. 
3,687.6 
1, 892. 4 
4, 000.  0 

Grams. 

Grams. 

Grams. 
412.6 
139. 3 
447.6 

Grams. 
3, 275.0 
695. -5 
3,552.4 

Grams. 

Water  of  drink  

64.2 

944.4 

49.0 

Total  

Outgo. 

Water  in  feces  

9, 580. 0 

64.2 

944.4 

999.5 

7, 522. 9 

49.0 

310.7 
84.6 
5, 455. 5 

227.9 
3,524.0 
3,248.3 

34.8 
5.7 
610. 5 

11.9 
394.3 

275. 9 
19.1 
4,845.0 
80.5 
3, 129. 7 
2, 362. 3 

Water  in  urine  -  

4.9 

39.9 

15.0 

Water  of  respiration,  etc  

63.4 

47.2 

24.9 

CO9  of  respiration,  etc  

886.0 

Total  

Outgo  greater  ( + )  or  less  ( — )  than  income. 

Body  material. 

Protein  lost,  estimated  to  furnish  

Fat  lost,  estimated  to  furnish  

12, 851. 0 

68.3 

973.1 

1,057.2 

10, 712. 5 

39.9 

+3,271.0 

-  25.6 

-  19.8 

-  479. 0 
+  9.3 

+4.1 
-4.1 

+28.7 

-13.6 
-15.1 

+57.7 

-  1.8 

-  2.3 
-53.6 

+3, 189.6 

-  5.9 

-  2.4 

-  425.4 

-9.1 
-  .2 

Water  lost,  estimated  to  furnish  

Ash  constituents  gained,  furnished  

+9.3 

Oxygen  from  air  

2, 755. 9 

2, 755. 9 

Comparison  of  income  and  outgo — Body  weight — Errors  in  method. — 
As  regards  total  materials,  the  sum  of  the  weights  of  the  excreta 
(outgo)  is  12,851  grams,  and  the  sum  for  the  food  and  drink  (income) 
9,580  grams.  The  difference,  3,271  grams,  is  then  the  excess  of  excreta 
over  food  plus  drink.  This  excess  is  made  up  of  two  factors,  body 
material  lost  and  oxygen  taken  from  the  air.  The  total  body  material 
(protein,  fat,  and  water)  estimated  to  be  lost  is  521.4  grams,  from 
which  is  to  be  deducted  an  estimated  gain  of  9.3  grams  of  mineral 
matters,  making  the  net  loss  of  body  weight  515.1  grams.  If  we 
add  to  this  the  2,755.9  grams  of  ox}Tgen  which  the  body  is  estimated 
to  have  taken  from  the  air  and  used  to  make  up  the  sum  total  of 
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the  excreta,  we  have  the  3,271  grams  b}^  which  the  estimated  outgo 
exceeds  the  income. 

The  comparison  of  income  and  outgo  may  be  put  in  another  way. 
The  food,  drink,  and  oxygen  may  be  called  net  income.  The  sum  of 
these  and  the  body  material  which  was  used  with  them  to  make  up 
the  total  output  may  be  called  the  gross  or  total  income,  which  should 
equal  the  total  outgo.    The  computation  will  then  be: 


Grams. 

Food  and  drink   9,  580.  0 

Oxygen   2,  755. 9 


Net  income   12,335.9 

Body  material  used   515. 1 


Total  income    12,851.0 

Total  outgo   12,  851.  0 


This  agreement  of  estimated  income  and  outgo  might  be  taken,  at 
first  sight,  as  a  proof  of  the  accuracy  of  the  figures.  A  moment's 
reflection,  however,  will  show  that  it  certifies  to  nothing  more  than 
the  accurac}r  of  the  arithmetical  computations;  but  it  does  seem  to  be 
a  check  upon  the  accuracy  of  the  recorded  body  weight. 

The  estimated  loss  in  bod}T  weight  for  the  1  days  of  the  experi- 
ment is  515.1  grams.  The  feces  passed  during  the  1  days  of  the 
experiment  weighed  350.7  grams,  while  the  feces  actually  belonging 
to  the  experiment,  as  shown  by  charcoal  markers,  weighed  395.3  grams. 
The  difference,  41.6  grams,  subtracted  from  the  515.1  grams  leaves  a 
net  estimated  loss  of  weight  of  170.5  grams. 

The  subject  weighed  himself  at  stated  times  each  day  on  a  small 
platform  scale  in  the  respiration  chamber.  His  record  of  the  weights 
at  the  beginning  and  at  the  end  of  the  experiment  (at  7  a.  m.)  shows  a 
loss  of  250  grams,  leaving  a  discrepancy  of  220.5  grams.  This  dis- 
crepancy may  be  due  to  (1)  errors  in  the  record  of  body  weight  at  the 
beginning  or  end  of  the  experiment/'  (2)  differences  in  the  amounts  of 
carbohydrates  (glycogen)  in  the  body  at  the  beginning  and  end,  (3) 
possible  differences  in  the  amounts  of  oxygen  stored  at  beginning  and 
end,  (1)  errors  in  analyses  of  food  materials  and  excreta,  (5)  errors  in 
assumed  composition  of  body  material,  (6)  errors  in  the  determinations 
of  carbon  dioxid  and  water  and  air  current,  and  (7)  possible  minute 
errors  due  to  ignoring  the  composition  of  the  ash.  Considering  that 
the  discrepancy  represents  the  algebraic  sum  of  all  the  errors  enumer- 
ated, and  possibly  others,  the  amount  is  not  surprising,  though  it  is 
larger  than  desirable. 

a  It  has  proven  unexpectedly  difficult  to  insure  accurate  weighing  by  the  subjects. 
The  record  of  one,  who  is  an  unusually  accurate  analyst  in  the  laboratory,  showed 
several  evidences  of  error.  To  avoid  this  difficulty  plans  are  being  made  for  weigh- 
ing in  such  way  as  to  give  an  observer  outside  of  the  chamber  opportunity  to  verify 
each  weighing. 
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Estimates  of  amounts  of  oxygen  consumed  in  the  metabolism  experi- 
ments.— This  method  of  calculating  the  amounts  of  oxygen  consumed 
has  been  applied  to  all  the  respiration  calorimeter  experiments  (Nos. 
5-55)  with  results  as  shown  in  Table  97.  The  table  shows  also  the 
amounts  of  carbon  dioxid  eliminated  and  heat  measured,  and  with 
them  the  respiratory  and  carbon  dioxid  thermal  quotients. 

Table  97. — Respiratory  and  carbon  dioxid  thermal  quotients  in  metabolism  experiments 

Nos.  5-55. 


[Quantities  per  day.] 


Carbon  dioxid  elim- 
inated. 

Oxygen  consumed. 

(e) 
Respira- 

(/) 
Total 

(9) 
Carbon 
dioxid 
thermal 
quotient, 
100  an-/. 

Weight. 

(h\ 
\u) 

Volume , 
ax  0.5091. 

Weight. 

(d\ 

Volume, 
cx0.7. 

tory  quo- 
tient, 
bn-d. 

heat 
meas- 
ured. 

Grams. 

Liters. 

Grams. 

Liters 

Calories. 

Grams. 

711.1 

362.0 

714.3 

500.0 

0.724 

2,283 

31.1 

648.9 

330.4 

646.0 

452.2 

.731 

2,050 

31.7 

619.7 

315. 5 

617.8 

432. 5 

.  730 

1,950 

31.8 

702.8 

357. 8 

704.  9 

493.4 

.725 

2,357 

29.8 

698. 0 

355. 4 

700. 2 

490. 2 

.725 

2,346 

29.8 

676. 1 

342.2 

676.6 

473. 6 

.  727 

2  197 

30  8 

849.6 

432.6 

708.0 

495.6 

.873 

2,379 

35.7 

797.3 

406.0 

681.2 

476.9 

.851 

2,279 

35.0 

719.0 

366.1 

603.2 

422.2 

.867 

2,085 

34.5 

812.1 

413.5 

689.0 

482.3 

.857 

2,403 

33.8 



794.5 

404.5 

670.6 

469.4 

.862 

2,287 

34.7 

823.5 

419.3 

664.1 

464.9 

.902 

2,287 

36.0 

820.  0 

417.5 

658.1 

460.7 

.906 

2,309 

35.5 

752.3 

383.0 

628.5 

440.0 

.871 

2, 151 

35.0 

760.0 

387.0 

630.2 

441.1 

.  877 

2,193 

34. 7 

793.8 

404.2 

659.7 

461.8 

.875 

2,176 

36.5 

794.4 

404.5 

647.5 

453.3 

.892 

2,244 

35.4 

790.7 

402.6 

648.0 

453.6 

.887 

2, 227 

35.5 

846.7 

431.1 

656.0 

459. 2 

.939 

2,272 

37.3 

772.  7 

393.4 

600.6 

420.4 

.936 

2,079 

37.2 

809.7 

412.3 

628.3 

439.8 

.937 

2,175 

37.2 

1,265.6 

644.3 

1, 100. 1 

770.1 

.837 

3,  726 

34.0 

1  1,157.9 

589.4 

1,011.6 

708.2 

.833 

3,420 

33.9 

1,194.2 

608.0 

1,048.8 

734.2 

.828 

3, 565 

33.5 

1,205.9 

613.9 

1,053.5 

737.5 

.833 

3,570 

33.8 

Kind  and  number  of  experi- 
ments. 


Rest  fasting. 


Experiment  No.  36  

Experiment  No.  39  

Experiment  No.  42  

Experiment  No.  51,  first  day 
Experiment  No.  51,  second  day . 

Average  above  experi- 
ments   


Rest,  fat  diet,  less  than  50  per 
cent  of  the  energy  supplied  by 
carbohydrates. 


Experiment  No.  5  . 
Experiment  No.  21 
Experiment  No.  26 
Experiment  No.  35 


Average  above  experi- 
ments  


Rest,  50-60  per  cent  of  energy 
supplied  by  carbohydrates. 


Experiment  No.  8  . . 
Experiment  No.  9  . . 
Experiment  No.  13 
Experiment  No.  14 
Experiment  No.  23  . 
Experiment  No.  25 


Average  above  experi- 
ments   


Rest,  73-76  per  cent  of  energy 
supplied  by  carbohydrates. 

Experiment  No.  24  

Experiment  No.  28  


Average  above  experi- 
ments   


Moderate  ivork,  fat  diet. 

Experiment  No.  6  

Experiment  No.  31  

Experiment  No.  32  


Average  above  experi- 
ments   
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Table  97. — Respiratory  and  carbon  dioxid  thermal  quotients  in  metabolism  experiments 

Nos.  5-55 — Continued. 


Kind  and  number  of  experi- 
ments. 

Carbon  dioxid  elim- 
inated. 

Oxygen  consumed. 

Respira- 
tory quo- 
tient, 
b  +d. 

(/) 
Total 
heat 
meas- 
ured. 

(9) 
Carbon 
dioxid 
thermal 
quotient, 
100  a  t-/. 

(a) 
Weight. 

(*>) 
Volume; 
ax  0.5091. 

(c) 
Weight. 

(d) 
Volume, 
cxO.7. 

Moderate   work,  carbohydrate 

diet. 

Grams. 

Liters. 

Grams. 

Liters. 

Calories. 

Grams. 

Experiment  No.  11  

1, 366.  3 

695.6 

1,157.0 

809.9 

0.859 

3, 921 

34.8 

Experiment  No.  29  

1,227.9 

625. 1 

1,023.9 

716.  7 

.872 

3,589 

34.2 

Experiment  No.  34  

1,266.6 

644.8 

1,063.9 

744.7 

.866 

3,587 

35.3 

Average  above  experi- 

ments   

1, 286. 9 

655.1 

1,081.6 

757.1 

.865 

3, 699 

34.8 

Hard  work,  fat  diet. 

Experiment  No.  38  

1,473.9 

750.3 

1,351.1 

945.8 

.794 

4,473 

32.9 

Experiment  No.  41  

1,693.5 

862. 1 

1, 569. 8 

1,098.9 

.785 

5, 237 

32.3 

1 , 657.  3 

843.7 

1,507.4 

1,055.2 

.800 

5, 205 

31.8 

Experiment  No.  45  

1,709.9 

870.5 

1,557.0 

1,089.9 

.799 

5, 162 

32.1 

Experiment  No.  46  

1,087.9 

859. 3 

1, 482. 1 

1, 037. 5 

.828 

5, 238 

32.2 

1,757.9 

894.9 

1,543.1 

1,080.2 

.  829 

5, 218 

33.7 

Experiment  No.  52  

1,  723. 4 

877. 4 

1, 532. 0 

1, 072. 4 

.818 

5, 277 

32.7 

Experiment  No.  54  

1,757.1 

894.6 

1, 558.  8 

1,091.2 

.820 

5,215 

33.7 

Average  above  experi- 

ments   

1,682.6 

856.6 

1,512.7 

1, 058. 9 

.809 

5, 128 

32.8 

Hard  work,  carbohydrate  diet. 

Experiment  No.  37  

1,655.7 

842. 9 

1,402.0 

981.4 

.859 

4,760 

34.8 

Experiment  No.  40  

1,849.8 

941. 6 

1,512.7 

1, 058. 9 

.889 

5, 220 

35.4 

1,850.3 

942. 0 

1,475.4 

1,032.8 

.912 

5, 199 

35.6 

Experiment  No.  47  

1, 845. 4 

939. 4 

1, 486. 8 

1,040.8 

.903 

5, 248 

35.1 

1,866.8 

950. 4 

1, 451. 6 

1,016.2 

.935 

5,245 

35.9 

1,883.9 

959. 0 

1, 464. 9 

1,025.4 

.935 

5,178 

36.4 

Average  above  experi- 
ments   

h  hours'  work,  1  meal,  experi- 
ment No.  50  

Extra  severe  work,  fat  diet, 
experiment  No.  55  

1,825.3 

929.2 

1,465.6 

1, 025. 9 

.906 

5, 142 

35.5 

1, 374. 6 
3, 073. 6 

699. 8 
1, 564. 7 

1,283.3 
2,903.4 

898.3 
2, 032. 4 

.779 
.770 

4,134 
9,  314 

33.3 
33.0 

RESPIRATORY  AND  CARBON  DIOXID  THERMAL  QUOTIENTS. 

It  has  become  customary  to  designate  the  ratio  by  volume  of  carbon 
dioxid  exhaled  to  oxygen  consumed  as  the  respiratory  quotient  and  to 
use  this  factor  in  studying  the  nature  of  the  material  oxidized  in  the 
body  to  produce  the  carbon  dioxid,  since  it  has  been  found  that  it  is  a 
very  delicate  index  of  changes  going  on  in  the  body.  The  determina- 
tions of  heat  produced  make  it  possible  to  calculate  an  analogous  fac- 
tor which  may  be  called  the  carbon  dioxid  thermal  quotient.  A 
discussion  of  these  quotients  follows. 

Respiratory  quotient. — The  method  of  calculating  the  respiratory 
quotient  is  as  follows:  The  carbon  dioxid  exhaled  per  day  in  experi- 
ment No.  35,  for  instance,  was  3,428.3  grams;  the  estimated  weight  of 
oxygen  consumed  was  2,755.9  grams.    Since  the  weight  of  a  liter  of 
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carbon  dioxid  is  1.9642  grams  and  that  of  a  liter  of  oxygen  1.1286 
grams,  the  computation  would  be: 

C02  =  3,218. 3  X  0. 5091  =  1 , 653 . 7  liters. 

02  =  2, 755. 9  X  0. 7000  =  1 , 929. 1  liters. 
C09  1,653.7 


02  1,929.1 


0.857  respiratory  quotient. 


The  respiratory  quotients  in  Table  97  above  are  calculated  in  this 
manner,  similar  experiments  being  grouped  together  and  an  average 
for  each  group  obtained.  It  will  be  observed  that  the  respiratory 
quotient  is  lowest  in  the  rest  experiments  without  food  and  highest  in 
rest  experiments  with  a  diet  containing  the  largest  amount  of  carbo- 
hydrates. The  values  of  the  respiratory  quotient  in  the  experiments 
with  a  large  amount  of  fat  in  the  diet  are  lower  than  when  a  large 
quantity  of  carbohydrates  was  consumed,  and  they  vary  inversely  with 
the  amount  of  work  performed.  In  two  special  cases  (experiments 
Nos.  50  and  55),  the  first  an  experiment  of  one  day  with  five  hours' 
work  and  only  one  meal,  and  the  second  an  experiment  of  one  d&y 
with  sixteen  hours'  work  and  three  meals,  the  respiratory  quotient  is 
lower  than  in  any  other  experiments  except  those  of  rest  without 
food.  In  both  these  exceptional  cases  the  food  eaten  supplied  a  large 
proportion  of  fat,  but  the  total  amounts  concerned  were  insufficient 
for  the  work  done.  These  variations  accord  closely  with  the  compo- 
sition of  the  food  (and  body  materials)  oxidized,  as  will  be  seen  by 
comparing  the  respiratory  quotients  for  the  several  compounds. 

Table  98  gives  the  respiratory  and  carbon  dioxid  thermal  quotients 
as  calculated  for  some  of  the  principal  carbohydrates,  fats,  and  protein 
on  the  assumption  that  their  oxidation  in  the  bod}r  occurs  as  stated 
above  (page  163).  The  composition  of  starch,  cane  sugar,  and  glucose 
was  computed  in  every  case  from  the  chemical  formula.  For  the  com- 
position of  animal  fat  average  values  given  by  Koniga  were  chosen, 
namely,  carbon,  76.65  percent;  hydrogen,  11.92  per  cent,  and  oxygen, 
11.43  per  cent.  In  the  case  of  human  fat  the  values  found  by  Bene- 
dict and  Osterberg6  were  selected,  namely,  carbon,  76.08;  hydrogen, 
11.80,  and  oxygen,  12.12  per  cent.  The  figures  for  the  oxidation  of 
protein  were  estimated  from  its  composition  and  that  of  the  corre- 
sponding unoxidized  material  excreted  in  the  urine.  The  elementary 
composition  of  the  protein  was  assumed  to  be,  nitrogen  1 6.00,  carbon  53, 
oxygen  23,  and  sulphur  1  per  cent,  while  that  of  the  corresponding 
unoxidized  material  of  the  urine  was  taken  as  nitrogen  16,  carbon  11.53, 
hydrogen  3.20,  and  oxygen  17.52,  the  amount  of  sulphur  being- 
unknown.  The  figures  for  urine  were  taken  from  the  analyses  of  145 
days'  urine,  experiments  Nos.  5-55,  as  shown  in  Table  115  of  the  Appen- 


«Chemie  der  Menschliche  Nahrungs- und  Genussmittel,  3d  edition,  vol.  1,  p.  198. 
&Amer.  Jour.  Physiol.,  4  (1900),  p.  74. 
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dix.  Comparing  the  elementary  composition  of  the  protein  and  that 
of  the  unoxidized  portion  of  the  urine  would  leave  in  the  oxidized 
portion  of  protein  no  nitrogen,  and  carbon  41.41,  hydrogen  7.80,  and 
oxygen  5.48  per  cent,  it  being  impossible  to  estimate  the  amount  of 
sulphur.  Such  calculation  is  based  on  the  assumption  that  the  unox- 
idized compounds  in  the  urine  are  cleavage  residues  of  protein.  The 
figures  for  the  heats  of  combustion  in  the  table  are  quoted  from  data 
previously  published  by  Atwater  and  Bryant/' 


Table  98. — Respiratory  and  carbon  dioxid  thermal  quotients  for  protein,  fats,  and  carbo- 
hydrates. 


Materials. 

Oxygen  required 
to  oxidize  lgram. 

Products  of  the  oxidation  of  1  gram. 

Respira- 
tory quo- 
tient. 
C02  cc. 
02  cc. 

Thermal 
quotient, 
grams  of 
carbon  di- 
oxid per 
100  calories 
of  heat. 

Weight. 

Volume. 

Carbon 
Weight. 

dioxid. 
Volume. 

Water. 

Heat. 

Grams. 

Ccms. 

Grams. 

Ccms. 

Grams. 

Calories. 

Grams. 

Starch   

1. 185 

829.5 

1. 629 

829.3 

0. 556 

4. 20 

1.000 

38.8 

Cane  sugar  

1.122 

785.4 

1.543 

785.5 

.579 

3. 96 

1.000 

39.0 

Glucose  

1.066 

746.2 

1.466 

746. 2 

.600 

3. 75 

1.000 

39.1 

Animal  fat  

2.876 

2, 013. 2 

2. 811 

1,431.1 

1. 065 

9.50 

.711 

29.6 

Human  fat  

2. 844 

1,990.8 

2. 790 

1,420.4 

1. 055 

9.54 

.713 

29.2 

Protein   

1. 307 

956.  9 

1. 520 

773. 8 

.340 

4.40 

.809 

34.5 

The  calculation  of  the  quotients  in  the  above  table  is  based  on  three 
assumptions,  namely,  (1)  the  digestible  carbohvdrates  and  fats  of  the 
food  not  stored  in  the  bod}^  are  completely  oxidized  to  carbon  dioxid 
and  water;  (2)  the  body  fats  and  carbohydrates  which  are  katabolized 
also  undergo  complete  oxidation,  and  (3)  the  katabolism  of  protein,  be 
it  digestible  food  protein  not  stored  or  body  protein  broken  down,  is 
such  that  the  carbon  and  hydrogen  not  excreted  in  urinary  compounds 
are  oxidized  to  carbon  dioxid  and  water.  The  respiratory  quotients 
are:  For  carbohydrates,  1.000;  for  fats  in  general,  0.710,  approxi- 
mately (beef  fat,  0.711,  and  human  fat,  0.713);  and  for  protein,  0.810. 
It  is  evident  that  an  excess  of  carbohydrates  in  the  diet  would  tend  to 
increase  the  respiratory  quotient  over  that  of  an  ordinary  diet;  an 
excess  of  protein  would  lower  it  to  some  extent;  an  excess  of  fat  would 
lower  it  still  further;  while  in  a  fasting  experiment,  where  body  fat  is 
almost  the  sole  substance  consumed,  the  respiratory  quotient  would 
have  its  lowest  value.  The  respiratory  quotients  of  Table  97  accord 
with  this  principle.  The  rest  experiments  without  food  show  the 
lowest  quotient.  Those  with  hard  work  and  insufficient  diet  and 
involving  oxidation  of  considerable  body  fat  are  a  little  higher,  and 
those  in  which  carbohydrates  formed  the  major  portion  of  the  diet 
give  the  highest  of  all. 


« Connecticut  (Storrs)  Station  Rpt..l899,  p.  73. 
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Asa  matter  of  fact,  estimated  respiratory  quotients  have  relatively 
little  value,  because  unless  amounts  of  oxj^gen  are  determined  the 
estimates  are  of  such  doubtful  accuracy  that  the  respiratory  quotients 
can  not  be  accepted' as  giving  any  certain  indications  of  the  nature  of 
the  materials  oxidized.  We  have,  however,  in  the  comparison  of 
carbon  dioxid  and  heat  a  factor  which  may  be  used  for  the  same 
purpose  as  the  respiratory  quotient. 

Carbon  dioxid  thermal  quotient. — In  comparing  the  results  of  these 
experiments  it  was  found  that  the  amounts  of  carbon  dioxid  and  heat 
produced  varied  so  uniformly  that  it  was  believed  the  ratio  of  one  to 
the  other  would  afford  means  of  judging  of  changes  which  occur  in 
the  body.  This  ratio,  which  we  have  called  a  carbon  dioxid  thermal 
quotient,  is  nearly  uniform  in  experiments  with  the  same  conditions 
of  food  and  work,  but  changes  notably  with  changes  in  diet,  which 
accords  with  the  fact  that  in  the  oxidation  of  the  various  nutrients  of 
food  and  the  corresponding  compounds  in  the  body  the  ratio  of  car- 
bon dioxid  to  heat  is  nearly  uniform  for  different  compounds  of  the 
same  class  and  that  the  values  are  sufficiently  distinctive  to  charac- 
terize the  class. 

From  the  composition  and  heats  of  combustion  of  the  different 
classes  of  nutrients  the  ratios  of  carbon  dioxid  to  heat  produced  by 
oxidation  are  easily  computed.  Provided  the  amount  of  oxygen  were 
measured,  similar  ratios  could  be  computed  for  carbon  and  heat  and 
oxygen  and  heat,  and  would  doubtless  give  useful  data.  Such  ratios 
might  be  designated  carbon  thermal  quotient  and  oxygen  thermal 
quotient. 

The  method  of  computation  here  used  is  tentative  and  ma}r  be  altered 
or  discarded  when  more  information  accumulates.  It  consists  simply 
in  computing  the  grams  of  carbon  dioxid  exhaled  or  eliminated  and 
noting  the  number  of  calories  for  100  grams  of  carbon  dioxid.  In 
Table  98  above  such  calculations  are  made  by  use  of  the  figures  for 
heat  eliminated  per  day.  These  amounts  of  heat  correspond  so  closely 
to  the  quantities  actually  produced  in  the  body  that  they  may  be 
treated  as  equivalent.  In  the  work  experiments  the  figures  include 
the  heat  equivalent  of  the  external  muscular  work.  It  is  evident  that 
the  carbon  dioxid  thermal  quotient  is  raised  or  lowered  by  the  same 
conditions  as  those  that  affect  the  respiratory  quotient,  being  lowest, 
however,  in  the  case  of  the  rest  experiments  without  food. 

As  shown  by  these  calculations  the  carbon  dioxid  thermal  quotients 
for  all  the  carbohydrates  are  close  to  39,  that  for  protein  is  about  31.5, 
and  that  for  fats  approximately  29.5.  Accordingly  an  excess  of  carbo- 
hydrates in  the  diet  would  raise  the  carbon  dioxid  thermal  quotient 
and  an  excess  of  fats  would  lower  it,  the  limits  being  29  and  39.  This 
is  actually  the  case  in  the  metabolism  experiments  as  shown  by  the 
figures  reported  (page  158).    The  carbon  dioxid  thermal  quotient  is 
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highest  in  the  work  experiments  with  large  amounts  of  carbohydrates 
in  the  diet,  is  lower  in  the  work  experiments  with  fat  diet,  and  lowest 
in  the  fasting  experiments  where  the  oxidation  of  body  fat  was  pre- 
dominant. Furthermore,  it  is  affected  by  the  conditions  which  regu- 
late the  respiratory  quotient,  both  being  raised  and  lowered  in  the 
same  way. 

An  instructive  use  of  carbon  dioxid  thermal  quotients  may  be  made 
in  some  of  the  experiments  with  J.  C.  W.  to  throw  light  upon  the 
question  as  to  the  kinds  of  material  oxidized  in  the  bod}7  in  different 
periods  of  the  day.  The  calculations  in  these  experiments  are  facil- 
itated by  the  fact  that  the  actual  heat  production  in  the  different 
periods  has  been  found  by  applying  corrections  to  the  figures  for  heat 
elimination  as  explained  on  pages  154-157.  The  carbon  dioxid  thermal 
quotients  for  the  experiments  in  which  these  corrections  were  made 
are  shown  in  detail  in  column  (^),  Table  95,  and  summarized  for  six 
and  twelve  hour  periods  in  Table  99. 

Table  99. — Average  carbon  dioxid  thermal  quotients  in  metabolism  experiments 

with  j.  a  w. 


Ex- 
peri- 
ment 

No. 

Dura- 
tion. 

Conditions. 

6-hour  periods. 

12-hour  periods. 

24 
hours. 

7  a.  m. 

to 
1  p.  m. 

1  p.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
1  a.  m. 

1  a.  m. 

to 
7  a.  m. 

7  a.  m. 

to 
7  p.  m. 

7  p.  m. 

to 
7  a.  m. 

7  a.  m. 

to 
7  a.  m. 

35 

37 
40 

38 
41 

50 

51 

36 
39 
42 

Days. 
4 

4 
4 

4 
4 

1 

1 
1 
1 

Rest  with  food  

Work,  carbohydrate  diet  

Work,  carbohydrate  diet  

Average  for  experiments 
Nos.  37  and  40  

Work,  fat  diet  

Average  for  experiments 
Nos.  38  and  41  

Transition  from  work  with 
fat  diet  to  rest  fasting  

Rest  fasting  

Rest  fasting  

Rest  fasting  

Average  for  experiments 
Nos.  36,  39,  and  42  

Grams. 
33.0 

Grams. 
33.9 

Grams. 
35.3 

Grams. 
33.0 

Grams. 
33.4 

Grams. 
34.3 

Grams. 
33.8 

35.7 
36.1 

34.5 
35.2 

35.2 
36.5 

31.8 
31.9 

35.1 
35.7 

33.8 
34.6 

34.8 
35.4 

35.9 

34.9 

35.8 

31.8 

35.4 

34.2 

35.1 

33.4 
32.8 

33.3 
32.8 

31.9 
30.7 

31.4 
30.6 

33.4 
32.8 

31.7 
30.7 

32.9 
32.3 

33.1 

33.1 

31.3 

31.0 

33.1 

31.2 

32.6 

34.7 
29.2 

32.3 
30.4 

32.3 
28.7 

30.9 
31.3 

33.9 
29.8 

31.7 
29.9 

33.3 
29.8 

31.1 
31.6 
35.1 

30.6 
32.0 
31.7 

34.3 
33.4 
31.1 

28.8 
29.6 
29.1 

30.9 
31.8 
33.2 

31.5 
31.5 
30.1 

31.1 
31.7 
31.8 

32.5 

31.4 

32.9 

29.1 

31.9 

31.0 

31.5 

Comparing  the  carbon  dioxid  thermal  quotients  for  the  12-hour 
periods  in  the  experiments  in  which  the  subject  had  an  abundant  diet  it 
will  be  noticed  that  they  are  in  nearly  every  individual  case  lower,  and 
in  the  average  of  both  rest  and  work  experiments  they  are  decidedly 
lower  for  the  night  than  for  the  day  period.  In  like  manner  the  quo- 
tients for  the  second  half  of  the  night  period — i.  e. ,  the  6-hour  periods 
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from  1  a.  m.  to  7  a.  in.  are  smaller  than  those  of  the  previous  6-hour 
period  in  every  experiment  except  No.  51,  in  which  the  subject  fasted 
for  two  days  after  a  day  of  partial  fasting. 

Keineinbering  that  the  lower  quotient  corresponds  to  an  oxidation 
of  fats  and  the  higher  to  an  oxidation  of  carbohydrates,  these  differ- 
ences may  be  interpreted  as  indicating  that  carbohydrates  are  oxidized 
more  speedily  than  fats,  and  that  the  oxidation  of  the  carbohydrates 
of  the  food  for  the  day  has  pretty^  nearly  ceased  by  midnight.  The 
very  low  quotients  which  are  found  so  regularly  for  the  second  night 
period  favor  this  interpretation.  The  hypotheses  that  the  carbo- 
hydrates are  oxidized  more  speedily  than  the  fats  and  that,  after  a 
meal,  the  oxidation  of  carbohydrates  predominates  at  first  and  later 
that  the  oxidation  of  fats  is  most  prominent,  is  supported  by  the 
figures  of  experiments  Nos.  50  and  51.  During  the  former,  which 
covered  one  day  of  partial  fasting,  the  subject  worked  during  the  fore- 
noon and  rested  during  the  remainder  of  the  clay.  The  day  was  there- 
fore one  of  transition  from  work  with  food  to  rest  with  fasting.  The 
quotient  fell  from  the  first  day  period  of  6  hours  to  the  second  night 
period,  where  it  was  only  30.9.  This  accords  with  the  hypothesis  that 
there  was  considerable  oxidation  of  carbohydrates  in  the  forenoon,  but 
that  the  material  burned  at  night  was  mostly  fat. 

In  the  two  consecutive  fasting  days  (experiment  No.  51),  which 
immediately  followed,  the  carbon  dioxid  thermal  quotient  was  found  to 
be  exceptionally  low,  and  is  almost  identical  for  each  of  the  two  days. 
Since  in  this  experiment  it  lies  so  close  to  29  for  all  periods,  it  would 
seem  to  point  conclusively  to  the  fact  that  very  little  was  oxidized 
except  body  fat,  and  that  whatever  glycogen  was  lost  by  the  body 
during  the  period  of  fasting  was  oxidized  during  experiment  No.  50. 

In  experiments  Nos.  35,  37,  38,  40,  and  41  with  food,  and  in  experi- 
ment No.  50  which  covered  the  transition  period  from  food  to  fasting, 
the  carbon  dioxid  thermal  quotients  favor  the  hypothesis  that  the 
carbohydrates  were  burned  mostly  during  the  day  and  evening  and 
fats  supplied  the  bulk  of  the  fuel  at  night.  The  figures,  however, 
permit  another  interpretation,  namely,  that  during  the  night  there  is 
a  considerable  oxidation  of  fat  into  glycogen  and  that  the  latter  is 
oxidized  into  carbon  dioxid  and  water  during  the  day.  The  oxidation 
of  fat  to  glycogen  involves  oxygen  consumption  and  heat  production 
without  the  production  of  carbon  dioxid,  and  hence  the  corresponding- 
respiratory  and  carbon  dioxid  thermal  quotients  would  be  zero.  Since 
the  observed  quotients  correspond  to  the  total  production  of  carbon 
dioxid  and  heat  in  the  body  and  the  oxidation  of  fat  to  glycogen  would 
yield  heat  without  carbon  dioxid,  the  effect  of  this  gly oogenesis  would 
be  to  reduce  the  quotient.  To  state  the  principle  in  another  way,  the 
lowering  of  the  quotient  might  be  ascribed  to  either  the  oxidation  of 
fat  in  place  of  carbohydrates  or  to  the  production  of  glycogen  from 
fat.    (See  also  below.) 
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Need  of  determination  of  all  the  factors  of  income  and  outgo  of hot  h 
matter  and  energy. — It  is  thus  clear  that  neither  the  respiratory  quo- 
tient nor  the  carbon  dioxid  thermal  quotient  suffices  to  show  exactly 
what  materials  are  actually  oxidized  in  the  body."  The  data  of  the 
experiments  are  not  sufficient,  since  the  determinations  of  the  oxygen 
balance  are  lacking.  If  the  oxygen  of  income  and  outgo  had  been 
accurately  determined  it  would  have  been  possible  to  calculate  the 
gains  and  losses  of  protein,  fats,  carbohydrates,  water,  and  energy.  It 
is  with  this  in  view  that  arrangements  for  the  direct  determination 
of  oxygen  have  been  lately  added  to  the  respiration  calorimeter  and  it 
is  hoped  that  a  number  of  experiments  may  soon  be  made  in  which  the 
complete  balance  of  income  and  outgo  of  matter  and  energy  will  be 
shown. 

CARBOHYDRATES  (GLYCOGEN)  IN  THE  BODY. 

In  calculating  the  balance  of  income  and  outgo  of  matter  and  energy 
in  experiments  with  the  respiration  calorimeter  in  this  laboratory  we 
have  followed  the  common  practice  of  assuming  that  the  amount  of 
carbohydrates  (glycogen)  in  the  body  is  the  same  at  the  beginning  and 
at  the  end  of  the  experiments;  also  at  the  beginning  and  end  of  the 
experimental  days.  In  other  words,  it  is  assumed  that  whatever  the 
fluctuations  of  the  glycogen  (carbohydrate)  content  of  the  body  during 
the  twenty-four  hours  a  constant  glycogen  level  will  be  reached  at  7 
a.  m. ,  after  the  night's  rest  and  at  the  end  of  the  longest  interval 
between  meals.  This  assumption  of  uniform  carbohydrate  level  is  not 
established  experimentally,  but  inasmuch  as  the  diet,  bodily  activity, 
and  other  conditions  of  most  of  the  experiments  were  the  same  from 
day  to  dav,  and  since  in  general  there  was  no  great  storage  or  loss  of 
body  materia],  it  seemed  advisable  to  follow  the  usual  practice  until 
more  complete  data  shall  be  available.  In  experiments  where  the 
diet  was  markedly  insufficient,  as  in  Nos.  50  and  55,  or  in  others 
where  no  food  was  given,  it  is  reasonable  to  expect  that  the  glycogen 
in  the  body  as  well  as  the  protein  and  fat  would  be  drawn  upon  to 
make  up  the  deficiency.  We  hope  that  in  future  experiments  when 
the  consumption  of  oxygen  is  directly  determined  we  shall  have  data 
for  estimating  the  gains  or  losses  of  glycogen,  or  at  least  that  some 
light  will  be  thrown  upon  this  important  question,  but  with  the  pres- 
ent state  of  our  knowledge  we  do  not  feel  justified  in  drawing  any  hard 
and  fast  conclusion  regarding  it. 

AMOUNTS  OF  ENERGY  DERIVED  FROM  DIFFERENT  NUTRIENTS. 

The  tendency  in  discussing  the  needs  of  the  body  for  different 
nutrients  is  decidedly  toward  the  reckoning  of  transformations  of 
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matter  and  energy  in  terms  of  energy.  This  is  manifest  in  the  expres- 
sion of  dietary  standards  in  terms  of  protein  and  energy  rather  than 
protein,  fats,  and  carbohydrates.  The  principle  seems  to  be  intrinsic- 
ally valid  and  practically  useful.  It  will,  therefore,  be  interesting  for 
some  of  the  discussions  which  follow  to  note  the  amounts  and  propor- 
tions of  energy  which  are  supplied  b}^  the  different  ingredients  of  the 
food  and  body  material  in  the  experiments  here  discussed  and  com- 
pare them  with  the  total  amounts  of  energy  later.  Such  a  compari- 
son for  the  experiments  of  J.  C.  W.  is  given  in  Table  126  of  the 
Appendix  and  summarized  in  Table  100  herewith.  With  this  brief 
statement  the  data  in  these  tables  will  be  utilized  in  the  discussions  of 
succeeding  topics. 


Table  100. — Income  and  outgo  of  energy,  showing  sources  of  same. 


Conditions  of  experiment. 

Energy  calculated. 

Energy  measured. 

From 
protein. 

From 
fats. 

From 
carbohy- 
drates. 

Total. 

As  heat. 

As  mus- 
cular 
work. 

Total. 

Rest  experiments  tvith  and  with- 

out food. 

Average  for  4  experiments 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

without  food,  5  davs  

358 

1,892 

0 

'  2,  250 

2,187 

0 

2, 187 

One  experiment  with  food,  4 

days  

429 

814 

1,114 

2, 357 

2,397 

0 

2,397 

Work  experiments. 

CARBOHYDRATE  DIET. 

Average  for  4  experiments,  16 

days  

438 

1,474 

3, 181 

5, 093 

4,569 

539 

5,108 

Average  for  2  experiments,  6 

days  

425 

795 

3,876 

5,  096 

4,  660 

551 

5, 211 

Average  for  6  experiments,  22 

days  

434 

1,288 

3,371 

5,093 

4,593 

543 

5, 136 

FAT  DIET. 

Average  for  4  experiments,  16 

days  

507 

3,191 

1, 359 

5,056 

4,512 

529 

5,041 

Average  for  2  experiments,  6 

days  

442 

3, 161 

1,729 

5, 332 

4, 645 

601 

5,246 

Average  for  6  experiments,  22 

489 

3,190 

1, 465 

5, 144 

4, 555 

550 

5, 105 

Experiment  with  16  hours' 

work  

478 

7,744 

1,759 

9,981 

7,832 

1,482 

9,314 

Regarding  the  figures  of  the  above  table  several  points  are  to  be 
noted.  The  gains  and  losses  of  body  material  are  computed  on  the 
basis  of  gains  and  losses  of  nitrogen  and  carbon  and  it  is  assumed 
that  the  carbon  gained  or  lost  other  than  that  of  protein  belongs 
wholly  to  body  fat.  This  assumes  that  there  is  no  change  in  the 
amounts  of  carbohydrates  in  the  body  during  the  period  in  question. 
Of  course  this  last  assumption  is  gratuitous  and  in  many  cases  is 
doubtless  wrong.  In  the  fasting  experiments,  especially,  it  is  highly 
probable  that  the  body  would  lose  more  or  less  of  its  store  of  carbohy- 
drates along  with  the  stored  protein  and  fat  consumed  to  supply  its 
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needs.  The  same  remark  would  apply  to  the  experiments  with  food 
in  which  the  quantity  of  the  latter  was  insufficient  to  supply  the  bodily 
demand.  On  the  other  hand,  in  the  cases  where  the  body  gained  car- 
bon, it  may  be  that  part  of  this  excess  was  stored  as  carbohydrate. 
Here  again  the  computations  in  the  tables  would  be  incorrect.  If  we 
were  certain  that  the  figures  for  energy  measured  were  absolute,  and 
if  we  could  further  assume  that  the  quantities  of  material  in  the 
alimentary  canal  at  the  beginning  and  end  of  a  given  experiment  or 
experimental  period  were  the  same,  we  might  use  the  energy  of  outgo 
for  calculating  the  amounts  of  carbohydrates  as  well  as  fats  gained  or 
lost.  The  results  would  be  still  more  satisfactory  if  we  had  an  exact 
comparison  of  the  income  and  outgo  of  oxygen. 

FATS  VERSUS  CARBOHYDRATES  AS  PROTECTORS  OF  BODY  MATERIAL. 

Four  of  the  later  series  of  experiments  were  especially  planned  for 
the  study  of  the  comparative  efficiency  of  fats  and  carbohydrates,  both 
as  regards  the  protection  of  body  material  and  as  fuel  for  the  produc- 
tion of  muscular  work.  These  experiments  were  all  made  upon  the 
same  subject  (J.  C.  W.),  who  in  each  of  the  cases  here  considered  was 
engaged  in  active  muscular  work  for  8  hours  per  day.  There  are 
four  pairs  of  experiments  which  best  permit  a  direct  comparison  of 
fat  with  carbohydrates,  namely,  Nos.  40  and  41,  43  and  44,  46  and 
47,  and  52  and  53. 

Some  of  the  earlier  experiments  with  other  subjects,  while  not 
planned  with  reference  to  this  particular  question  may  still  throw  some 
light  upon  it,  and  four  pairs  of  these  experiments  are  also  considered 
here,  viz:  Rest  experiments  with  J.  F.  S.,  Nos.  25  and  26;  work  exper- 
iments with  J.  F.  S.,  Nos.  29  and  32;  rest  experiments  with  E.  O., 
Nos.  5  and  9,  and  work  experiments  with  E.  O.,  Nos.  6  and  11.  These 
are  less  strictly  comparable  than  those  with  J.  C.  W.  for  the  reason 
stated  beyond.  The  data  for  the  comparison  of  fats  and  carbohydrates 
as  protectors  of  body  material  are  therefore  drawn  from  four  directly 
comparable  pairs  of  experiments  aggregating  30  experimental  days 
and  four  less  directly  comparable  pairs  aggregating  28  da}^s,  making 
a  total  of  58  experimental  days  and  including  work  experiments  with 
three,  and  rest  experiments  with  two  different  men.  In  order  to 
simplify  the  tabulation  and  discussion  of  the  results  it  seems  desirable 
to  consider  the  protection  of  protein  and  protection  of  body  fat 
separately. 

Fats  versus  carbohydrates  as  protectors  of  protein. — In  Table  101 
the  results  of  the  eight  pairs  of  experiments  mentioned  above  are 
tabulated  with  reference  to  the  comparative  efficiency  of  fats  and  car- 
bohydrates as  protectors  of  protein. 
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Table  101. — Fats  versus  carbohydrates  as  protectors  of  protein. 


Subject  and  kind  of  experiment. 


Avail- 
able en- 
ergy of 

food. 

En  erg  j' 

Nitrogen. 

Du- 
tion. 

of  ex- 

muscu- 
lar work. 

In 
food. 

In 

feces. 

In 
urine. 

Gain 
loss 

(-)• 

Days. 

Calories. 

Calories. 

Grams. 

Grams. 

Grams. 

Grams. 

4 

4, 180 

518 

17.1 

2.2 

17. 1 

—2.2 

4 

4, 150 

522 

16.9 

1.5 

20.3 

—4.9 

4 

4,602 

571 

17.8 

2.6 

17.3 

—2.1 

4 

4,496 

548 

17.1 

2.0 

19.1 

-4.0 

4 

4, 366 

562 

17.4 

2.7 

16.3 

—1.6 

4 

4, 478 

551 

17.0 

1.8 

16. 1 

—  .9 

3 

5, 132 

587 

17.9 

2.3 

15.4 

+  .2 

3 

5, 120 

607 

17.  7 

1.6 

16.4 

—  .3 

15 

4,532 

558 

17.5 

2.  a 

16.6 

—1.5 

15 

4,524 

554 

17.1 

1.7 

18.1 

-2.7 

3 

3,260 

255 

16.0 

.8 

16. 0 

—  .8 

3 

3,226 

196 

16.1 

1.2 

15.  7 

—  .8 

3 

2,638 

17.7 

1.0 

16.4 

+  .3 

3 

2,256 
3, 510 

15.9 

1.1 

15.3 

—  .5 

4 

187 

19.8 

2.2 

18.1 

-  .5 

4 

3,414 

256 

19.1 

1.5 

16.5 

+1.1 

4 

2,426 
2,384 

19.1 

1.3 

18.4 

-  .6 

4 

19.1 

1.7 

18.1 

—  .  7 



14 

2,960 

18.3 

1.4 

17.4 

—  .5 

14 

2, 831 

17.8 

1.4 

16.5 

-  .1 

29 

3, 773 
3,707 

17.9 

1.9 

17.0 

-1.0 

29 

17.4 

1.6 

17.3 

-1.5 

Directly  comparable  experiments. 

Experiment  No.  40, work;  subject,  J.  C.W., 
carbohydrate  diet  


Experiment  No.  41, work:  subject,  J.  C.W. 
fat  diet  , 


Experiment  No.  44,  work;  subject,  J.  C.W., 
carbohydrate  diet  


Experiment  No.  43, work;  subject,  J.  C.W., 
fat  diet   


Experiment  No.  47, work;  subject,  J.  C.W. 
carbohydrate  diet  


Experiment  No.  46, work;  subject,  J.  C.  W., 
fat  diet  


Experiment  No.  53,  work;  subject,  J.  C.W., 
carbohydrate  diet  


Experiment  No.  52, work;  subject,  J.  C.W. 
fat  diet   


Average,  4  work  experiments;  sub- 
ject, J.  C.  W.,  carbohydrate  diet . . 

Average.  4  work  experiments;  sub- 
ject, J.C.  W.,  fat  diet  


Less  directly  comparable  experiments. 

Experiment  No.  29.  work;  subject,  J.  F.  S., 
carbohydrate  diet  


Experiment  No.  32,  work;  subject,  J.  F.  S., 
fat  diet  , 


Experiment  No.  25.  rest;  subject,  J.  F.  S. 
carbohydrate  diet  


Experiment  No.  26,  rest;  subject,  J.  F.  S., 
fat  diet  


Experiment  No.  11,  work;  subject,  E.  O. 
carbohydrate  diet  , 


Experiment  No.  6,  work:  subject,  E.  O., 
fat  diet   


Experiment  No.  9,  rest;  subject,  E.  O. 
carbohydrate  diet  


Experiment  No.  5,  rest;  subject,  E.  O.,  fat 
diet   


Average,  4  experiments,  rest  and 
work,  2  subjects,  carbohydrate 
diet  


Average.  4  experiments,  rest  and 
work,  2  subjects,  fat  diet   


AU  above  experiments. 

Average.  8  experiments,  rest  and  work, 
subjects,  carbohydrate  diet  


Average,  8  experiments,  rest  and  work,  3 
subjects,  fat  diet  


In  order  to  ascertain  the  efficiency  of  fats  and  carbohydrates  as  pro- 
tectors of  protein,  it  is  necessary  to  compare  the  quantities  of  nitrogen 
in  the  digestible  food  with  the  amounts  found  in  the  urine,  as  this 
affords  a  means  of  studying  the  metabolism  of  protein  in  the  body. 
Such  data  are  shown  in  Table  101.  In  the  directly  comparable  experi- 
ments included  in  the  table — namely,  those  with  J.  C.  W. — the  nitro- 
6000— No.  136—03  12 
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gen  of  the  urine  was  in  one  case  practically  the  same  with  both  the  fat 
and  carbohydrate  diets,  while  in  the  other  three  cases  there  was  a 
slightly  larger  amount  of  nitrogen  in  the  urine  in  experiments  with 
the  fat  diet,  which  was  also  the  case  when  the  average  of  all  these 
experiments  is  considered. 

In  the  less  comparable  experiments  the  differences  in  two  cases  are 
negligible,  while  in  two  other  cases  the  amount  of  nitrogen  in  the 
urine  was  smaller  in  the  experiments  with  fat  diets.  In  one  of  these 
cases,  however,  the  length  of  time  between  the  two  experiments  com- 
pared— namely,  Nos.  6  and  11 — was  so  long  that  the  bodily  conditions 
of  the  subject  ma}T  have  changed  materially.  The  other  pair  com- 
pared— namely,  experiments  Nos.  25  and  26 — were  in  the  same  con- 
secutive series  and  were  of  the  same  general  plan  as  the  more  directly 
comparable  experiments,  but  were  not  so  satisfactory  in  all  ways  as 
the  later  ones. 

In  all  of  the  strictly  comparable  experiments — i.  e.,  in  each  of  the  four 
pairs  of  experiments  with  J.  C.  W. — there  was  a  larger  elimination  of 
nitrogen  in  the  feces  from  the  diet  rich  in  carbohydrates  than  from 
that  in  which  the  fats  preponderated. 

The  increase  in  fecal  nitrogen  on  the  carbohydrate  diet  is  too  great 
and  too  uniform  to  be  regarded  as  entirely  accidental,  and  must  be 
due  to  the  difference  in  the  diets.  This  does  not,  however,  necessa- 
rily imply  that  the  abundance  of  carbohydrates  present  decreased  the 
digestibility  of  the  protein  of  the  food.  Such  an  explanation  would 
be  necessary  if  the  extra  carbohydrate  or  extra  fat  had  been  simply 
added  to  an  otherwise  uniform  diet.  In  most  cases,  however,  this  was 
impracticable,  and  it  was  found  necessary  to  increase  the  carbohy- 
drates partl}r  by  the  addition  of  cereals,  and  the  fat  partly  by  the 
addition  of  milk  or  cream;  and  so  the  carbohydrate  diet  contained  in 
most  cases  more  vegetable  and  less  animal  protein  than  the  fat  diet. 
Thus  in  the  case  of  the  four  pairs  of  experiments  with  J.  C.  W., 
approximately  two-thirds  of  the  protein  in  the  sugar  diet  and  only 
one-third  in  the  fat  diet  was  of  vegetable  origin. 

Assuming  the  average  amount  of  protein  (NX6.25)  in  the  feces  to 
be  3  per  cent  of  the  total  protein  in  the  animal  food  and  15  per  cent  of 
the  total  in  the  vegetable  food,  a  supposition  which  may  or  may  not 
be  wholly  correct  in  these  particular  experiments,  but  which  repre- 
sents the  average  values  deduced  from  a  study  of  a  large  number  of 
American  and  European  experiments  previously  summarized, a  the 
amount  of  nitrogen  of  feces  in  the  experiments  in  which  two-thirds  of 
the  protein  was  of  vegetable  origin  would  probably  be  one-half  larger 
than  the  amount  in  the  feces  from  a  diet  with  the  same  energy  and 
protein  values,  but  with  only  one-third  of  the  protein  derived  from 
vegetable  sources.    In  the  experiments  with  J.  C.  W.  the  actual 
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amounts  of  nitrogen  eliminated  by  the  feces  are  somewhat  larger  than 
the  values  which  would  be  calculated  by  the  coefficients  of  digestibil- 
ity which  we  are  accustomed  to  use  (see  page  112) ;  but  the  average 
amounts  eliminated  on  the  two  diets  are  in  practically  exact  propor- 
tion to  the  quantities  estimated  from  the  proportions  of  animal  and 
vegetable  protein  consumed. 

It  thus  seems  probable  that  the  larger  amount  of  fecal  nitrogen 
found  in  the  carbohydrate  periods  is  due  not  to  an  increased  amount 
of  carbohydrates  in  the  diet,  but  to  the  increased  proportion  of  vege- 
table protein.  It  should  also  be  noted  that  in  many  instances  in  these 
experiments  a  considerable  part  of  the  extra  vegetable  protein  was 
added  in  graham  crackers,  in  which  form  it  has  been  found  to  be  even 
less  digestible  than  that  in  such  materials  as  white  bread. 

In  the  earlier  and  less  directly  comparable  experiments  where  the 
proportion  of  animal  to  vegetable  protein  was  kept  practically  constant 
no  more  fecal  nitrogen  was  found  on  one  diet  than  on  the  other. 

Considering  the  nitrogen  of  the  food  minus  that  of  the  feces  as  rep- 
resenting what  is  actually  available  for  the  uses  of  the  body,  we  find 
that  in  the  average  of  the  directly  comparable  experiments  there  was 
slightly  less  digestible  nitrogen  in  the  carbohydrate  diet  than  in  the  fat 
diet.  Nevertheless,  less  nitrogen  was  excreted  in  the  urine,  i.  e.,  there 
was  a  smaller  loss  of  body  nitrogen  with  the  carbohydrate  than  with 
the  fat  diet.  The  total  available  energy  and  the  muscular  work  were 
practically  uniform  in  this  group  of  experiments;  therefore  it  would 
appear  that  for  the  protection  of  protein  the  carbohydrates,  largely 
sugar,  were  slightly  more  efficient  than  isodynamic  amounts  of  fat. 

On  the  other  hand,  in  the  less  directly  comparable  series  which 
includes  experiments  with  two  different  subjects,  at  work  and  at  rest, 
we  find  no  appreciable  difference  in  the  economy  of  utilization  of  the 
protein  of  the  fat  and  carbohydrate  diets.  Comparing  the  averages 
of  all  the  experiments,  the  apparent  advantage  of  the  carbohydrates 
over  the  fat  as  a  protector  of  protein  appears  to  be  represented  by  a 
saving  of  only  about  3  grams  of  protein  per  day,  as  shown  by  the 
amounts  excreted  in  the  urine,  which  might  easily  be  considered  neg- 
ligible or  as  due  simply  to  the  fact  that  the  carbohydrate  diet  furnished 
a  slightly  higher  average  fuel  value. 

It  should  be  noted,  however,  that  this  average  includes  the  results 
of  some  pairs  of  experiments  which  were  separated  by  several  months 
during  which  time  the  bodily  condition  of  the  subject,  the  demands  of 
the  body  for  food,  and  its  tendency  to  store  or  waste  the  protein  sup- 
plied to  it  may  have  undergone  sufficient  change  to  largely  vitiate  the 
comparison.  The  experiments  with  J.  C.  W.  are  not  only  more 
directly  comparable,  but  they  are  also  better  calculated  to  bring  out 
any  difference  which  might  exist,  inasmuch  as  the  amounts  of  fat  and 
carbohydrates  consumed  were  greater  than  in  any  of  the  earlier  exper- 
iments.   When  only  the  more  directly  comparable  experiments  are 
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considered  the  advantage  of  the  carbohydrates  over  the  fat,  although 
small,  is  distinctly  apparent  in  the  average  figures. 

As  has  been  pointed  out  in  considering  the  elimination  of  nitrogen 
by  the  feces,  the  protein  of  the  carbohydrate  diet  was  mainly  of  vege- 
table origin,  while  that  of  the  fat  diet  was  mainly  in  the  form  of  animal 
foods,  and  especially  of  milk  and  cream.  Considering  that  the  propor- 
tion of  nonproteid  nitrogen  is  somewhat  larger  in  cereal  products 
than  in  milk,  it  is  probable  that  if  the  amounts  of  digestible  nitrogen 
in  the  two  diets  were  equal,  the  amount  of  true  proteid  matter  would 
be  slightly  larger  in  the  fat  diet.  If  such  were  the  case  the  difference 
in  favor  of  the  efficiency  of  the  sugar  must  have  been  actually  some- 
what larger  than  the  figures  in  the  table  would  indicate. 

The  results  thus  far  obtained  in  these  experiments  point  toward  a 
slight  superiority  of  carbohydrates  over  fats  as  protectors  of  protein. 
This  may,  however,  depend  to  some  extent  upon  the  individual  sub- 
ject, and  repeated  experiments  with  a  larger  number  of  subjects  will 
be  required  to  settle  this  question  of  the  superior^  and  show  its 
amount. 

In  the  above  experiments  fairly  large  amounts  of  protein  were  con- 
sumed. Some  experiments  with  men  have  been  recently  published 
by  E.  Landergren^  in  which  the  power  of  fats  or  carbohydrates  to 
protect  protein  was  studied.  In  general,  the  diets  supplied  only  a 
limited  amount  of  nitrogen  with  an  abundance  of  carbohydrates,  or 
fat,  or  both,  while  in  one  case  the  subjects  fasted.  Under  the  experi- 
mental conditions  the  body  reached  a  condition  after  a  few  days  where 
apparently  not  more  than  3  or  1  grams  of  nitrogen  was  metabolized 
per  day  providing  a  minimum  quantity  of  carbohydrates  was  present, 
the  amount  not  being  definitely  known.  Landergren  believed  that 
his  results  showed  that  in  general  fat  protected  protein  as  well  as  an 
isodynamie  quantity  of  carbohydrates,  both  in  a  condition  of  nitrogen 
hunger  and  nitrogen  abundance,  but  it  was  noted  that  under  certain 
conditions  fat  exhibited  less  than  one-half  of  this  protective  power 
when  carbohydrates  were  absent.  This  is  explained  on  the  ground 
that  when  carbohydrates  are  no  longer  supplied  some  must  be  formed 
in  the  body  from  protein,  and  that  fat  can  not  serve  for  this  purpose 
in  the  place  of  protein.  In  other  words,  as  soon  as  the  gtycogen  of 
the  body  is  exhausted  fat  is  inferior  to  carbohydrates  as  a  protector 
of  protein. 

Many  additional  investigations  which  bear  on  this  subject  have  been 
reported  which  should  be  taken  into  account  before  the  question  can 
be  adequately  discussed. 

Fats  versus  carbohydrates  as  protectors  of  body  fat. — The  results  of 
the  experiments  discussed  in  the  preceding  section  which  bear  directly 
upon  the  protection  of  body  fat  are  brought  together  in  Table  102. 


«Skand.  Arch.  Physiol.,  14  (1903),  p.  112. 
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Table  102. — Fats  versus  carbohydrates  as  protectors  of  body  fat. 


Available 

'3 

3 

Gain 

(+)  or  loss  (  — 

)  in 

in  food. 

body  material. 

3  o 
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Subject  and  kind  of  experiment. 

? 

8 
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rote: 
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nerj 
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Pi  ^ 

"o3 

bD 

a 

ft 

(k 

P-i 
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Directly  comparable  experiments. 

Experiment  No.  40.  vvrork;  J.  C.  W.,  car- 

Days. 

Gms. 

Cats. 

Cats. 

Cals. 

Gms. 

Cats. 

Gms. 

Cals. 

bon  ydrate  diet  

4 

17.1 

4, 180 

518 

5,251 

-13.6 

—  77 

-104. 2 

-994 

Experiment  No.  41,  work;  J.  C.  W.,  fat 

diet  

4 

16.  9 

4, 150 

522 

5  304 

—30. 6 

-173 

-102. 8 

-981 

Experiment  No.  44,  work;  J.  C.  W.,  car- 

bohydrate diet  

4 

17.8 

4,602 

571 

5, 125 

-13.1 

-  74 

-  47.1 

-449 

Experiment  No.  43,  work;  J.  C.  W.,  fat 

diet  

4. 

17. 1 

4,496 

548 

5  155 

—25. 0 

-141 

-  54.3 

-518 

Experiment  No.  47,  work;  J.  C.  W.,  car- 

bohydrate diet  

4 

17.4 

4, 366 

562 

5, 173 

-10.1 

—  58 

—  78.  5 

-749 

Experiment  No.  46,  work;  J.  C.  W.,  fat 

d  6  *. 

4 

17.0 

4,478 

OD1 

5, 193 

-5.6 

-  32 

-  71.6 

 ggg 

Experiment  No.  53,  work;  J.  C.  W.,  car- 

bohydrate diet  

3 

17.  9 

5, 132 

587 

5, 104 

+  1.3 

+  8 

+  2.1 

+  20 

Experiment  No.  52,  work;  J.  C.  W.,  fat 

diet 

3 

17.7 

5  120 

5, 309 

-2.1 

  Y> 

  18  6 

 177 

Average,  4  work  experiments,  J.  C. 

W.,  carbohydrate  diet  

15 

17.5 

4, 532 

558 

5, 167 

-9.5 

-  54 

-  60.9 

-581 

Average,  4  work  experiments  J  C 

W.,  fat  diet  '  

15 

17.1 

4, 524 

554 

5, 236 

-16.7 

-  95 

-  64.7 

-617 

Less  directly  comparable  experiments. 

Experiment  No.  29,  work;  J.  F.  S.,  carbo- 

hydrate diet  

3 

16.0 

3,260 

255 

3, 517 

—  o.  0 

-  28 

-  23.9 

-229 

Experiment  No.  32,  work;  J.  F.  S.,  fat 

diet  

3 

16.1 

3, 226 

196 

3,590 

-5.0 

-  28 

-  35.1 

-336 

Experiment  No.  25,  rest;  J.  F.  S.,  carbo- 

hydrate diet  .'  

3 

17.7 

2,638 

2,241 

+  1.9 

+  11 

+  40.5 

+386 

TCYnprimPTit  Kn  9fi  rdet-  T  If  Q  fatrliot 

-UJ  ApCl  1111  Cll  ItllU.   —  U,  1  Cot,    O  .  -T  .  O.  ,  let  1  UlC  I  - 

3 

15.9 

2, 256 

2,043 

-3.3 

—  19 

+  24. 3 

+232 

Experiment  No.  11,  work;  E.  0.,  carbo- 

4 

19.8 

3,  510 

10/ 

3, 909 

-  3.0 

-  17 

-  40.1 

 gg2 

T^ynprimATif  "^r*  f\  "wr^Tlr*  Tf  C\     f>a+  rliot 

XJ-A.JJC11H1C11  I  l^U.         WUlii,    -Cj.         ,   Id  L  Lilt:  L  -  - 

4 

19.1 

3,414 

256 

3,839 

+  6.9 

+  39 

-  48.7 

 4g4 

Experiment  No.  9,  rest;  E.  0.,  carbohy- 

4 

19.1 

2,426 

2,272 

-3.6 

-  20 

+  18.3 

+174 

Experiment  No.  5,  rest;  E.  0.,  fat  diet  

4 

19.1 

2, 384 

2,482 

-4.2 

—  24 

—  7.8 

-  74 

Average,  4  experiments,  rest  and 

work,  2  subjects,  carbohydrate 

diet  

14 

18.3 

2.960 

3,000 

-2.5 

-  14 

-2.7 

-  26 

Average,  4  experiments,  rest  and 

work,  2  subjects,  fat  diet  

14 

17.8 

2,831 

3,013 

-1.0 

-  6 

-  18.5 

-176 

All  above  experiments. 

Average,  8  experiments,  rest  and  work,  3 

subjects,  carbohydrate  diet  

29 

17.9 

3, 773 

4,121 

-6.2 

-  35 

-  32.8 

-313 

Average,  8  experiments,  restand  work,  3 

subjects,  fat  diet  

29 

17.4 

3,707 

4, 163 

-9.4 

-  52 

-  42.4 

-404 

In  some  cases  there  appears  to  be  a  slightly  better  utilization  or 
storage  of  body  fat  with  the  carbohydrate  diet  and  in  other  cases  with 
the  fat  diet.  In  the  experiments  with  J.  C.  W.  the  average  loss  of 
body  fat  was  slightly  less  on  the  carbohydrate  than  on  the  fat  diet. 
Since  the  fuel  value  of  the  diet  and  the  amounts  of  muscular  work 
performed  were  practically  the  same  in  both  cases,  the  figures  indicate 
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that  the  sugar  was  a  slightly  better  protector  of  body  fat  than  the  fat 
in  this  group  of  experiments,  in  all  of  which  a  considerable  amount 
of  muscular  work  was  performed.  The  difference,  however,  is  very 
small,  averaging  only  3.8  grams  of  fat,  equivalent  to  about  36  calories 
per  day,  or  less  than  one  per  cent  of  the  total  energy  metabolized. 

In  the  less  directly  comparable  experiments  the  diet  and  muscular 
work  were  not  so  uniform  as  in  those  with  J.  C.  W.  If,  however,  the 
average  results  of  the  four  pairs  of  experiments  be  taken  together, 
it  appears  that  the  body  lost  more  fat  on  the  fat  diet  than  on  the 
carbohydrate  diet,  the  extra  fat  thus  lost  being  equivalent  to  150 
calories  per  day.  The  fuel  value  of  the  carbohydrate  diet  exceeds  that 
of  the  fat  diet  by  very  nearly  this  amount.  But  it  is  to  be  noted  that 
slightly  more  work  was  performed  on  the  fat  than  on  the  sugar  diet. 
If,  therefore,  the  fat  diet  is  credited  with  the  extra  work  done  it  would 
seem  that  the  fat  was  slightly  better  utilized  than  the  carbohydrate. 

The  cliff  erences  in  utilization  of  the  energy  of  the  two  diets  are  thus 
seen  to  be  extremely  small  and  not  always  in  the  same  direction.  On 
the  whole,  therefore,  it  can  not  be  said  that  these  experiments  show  any  » 
appreciable  difference  between  fats  and  carbohydrates  as  protectors 
of  body  fat. 

In  most  of  the  experiments  here  reported  a  considerable  amount  of 
work  was  performed,  usually  enough  to  necessitate  the  consumption 
of  more  or  less  bod}^  material  in  addition  to  the  materials  supplied  by 
the  food.  The  question  of  fats  versus  carbohydrates  as  protectors  of 
bod}T  fat  becomes,  therefore,  inseparable  from  the  question  of  the 
relative  efficiency  of  fats  and  carbohydrates  as  sources  of  energy  for 
muscular  work. 

FATS  VERSUS  CARBOHYDRATES  AS  SOURCES  OF  ENERGY  FOR  MUSCULAR 

WORK. 

As  3^et  there  is  no  method  of  so  tracing  the  transformations  of 
either  protein,  fat,  or  carbohydrates  in  the  body  as  to  separate  the 
kinetic  energy  which  comes  from  any  one  of  these  nutrients  from  that 
which  is  supplied  by  the  others  and  of  determining  how  the  energy 
from  each  is  disposed  of,  nor  is  there  any  definite  evidence  that  the 
body  itself  utilizes  differently  the  kinetic  energy  arising  from  the  oxida- 
tion of  the  different  nutrients.  It  would  rather  seem  to  be  a  case  of 
"pooling"  in  which  the  energy  of  the  material  katabolized  is  utilized 
as  a  whole  for  the  needs  of  the  body,  whatever  they  may  be. 

Experiments  of  the  kinds  here  reported  may,  therefore,  compare  the 
economy  of  utilization  of  the  total  energy  thus  "pooled"  (1)  when  the 
greater  part  is  supplied  by  carbohydrates  and  (2)  when  the  greater 
part  is  supplied  by  fats.  They  may  thus  afford  a  more  or  less  clear 
indication  of  the  relative  efficiency  of  fats  and  carbohydrates  as  fuel 
for  muscular  work.  The  total  quantities  of  the  several  ingredients  of 
food  and  body  material  oxidized  and  the  potential  energy  of  each  are 
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determined  in  the  experiments  with  the  respiration  calorimeter,  as  is 
the  total  amount  of  external  muscular  work  performed.  Of  the  inter- 
nal muscular  work  there  is  no  certain  measure,  but  it  is  known  to  be 
considerable.  It  is  also  well  established  that  in  the  performance  of 
external  muscular  work  the  total  energy  transformed  is  several  times 
as  much  as  the  energy  of  the  muscular  work  itself.  It  is  natural  to 
presume  that  the  same  may  be  true  of  internal  muscular  work,  though 
this  is  not  absolutely  proven.  At  airy  rate,  the  energy  which  is  con- 
verted into  internal  and  external  muscular  work  must  be  greater  than 
the  energy  of  the  external  work  alone.  Further,  when  the  food  sup- 
plied is  not  quite  sufficient  to  furnish  the  necessary  energy  and  the 
body  is  obliged  to  supplement  the  supply  of  energy  by  drawing  upon 
its  own  store  of  material,  it  is  reasonably  safe  to  assume  that  the 
energy  of  each  and  all  of  the  materials  burned  will  be  utilized  as 
economically  as  their  character  permits. 

If,  now,  two  experiments  are  compared  in  which  the  diet  is  insuffi- 
cient to  meet  the  demands  of  the  body  and  which  are  alike  or  nearly 
alike  in  the  amounts  of  total  digestible  protein  and  total  available 
energy  furnished  and  total  external  muscular  work  performed,  but 
different  in  the  proportions  of  carbohydrates  and  fats  supplied,  and 
we  find  that  the  total  energ}^  metabolized  for  the  production  of  the 
fixed  amount  of  work  is  the  same  with  the  fat  diet  as  with  the  carbo- 
lrydrate  diet,  it  is  reasonable  to  conclude  that  the  fats  and  carbohydrates 
were  of  equal  value  as  sources  of  muscular  energy,  or  at  &r\y  rate  as 
parts  of  a  ration  for  muscular  work.  If,  on  the  other  hand,  with  diets 
of  like  energy  value,  and  with  like  work  performed,  the  loss  of  body 
material  is  greater  with  either  the  carbohydrate  or  the  fat  ration,  the 
inference  is  that  more  total  energy  from  one  ration  was  required  than 
from  the  other,  and  consequently  that  a  calorie  of  energy  from  the 
carbohydrate  or  fat,  as  the  case  may  be,  was  of  less  value  than  a  calo- 
rie from  the  other  source.  The  principle  is  the  very  obvious  one 
that  the  material  of  which  the  larger  amount  is  required  for  a  given 
effect  is  inferior  in  efficiency  and  vice  versa.  And  it  is  to  be  con- 
stantly borne  in  mind  that  the  amounts  of  carbohydrates  and  fats  are 
not  compared  by  weight  but  b}T  potential  energy.  This  is  another  wa}T 
of  stating  the  fact  that  in  these  experiments  isod}Tnamic  amounts  of 
fats  and  carbohydrates  are  compared  with  each  other.  The  question 
accordingly  is  this:  Of  two  rations,  one  furnishing  a  large  proportion 
of  carbohydrates  and  the  other  an  isodynamic  quantity  of  fat,  and  both 
inadequate  to  the  demands  of  the  bod}r,  will  there  be  any  difference  in 
the  total  quantities  of  energy  transformed  and  in  the  drafts  which  the 
body  makes  on  its  previously  accumulated  store  of  material  to  supply 
its  demands  for  a  like  amount  of  energy  or  muscular  work? 

We  thus  have  two  tests  of  the  relative  efficiency  of  the  fats  and  car 
bohydrates.    One  is  found  in  the  total  energy  transformed.    If  it  costs 
more  energy  to  do  the  same  work  with  the  carbolrydrates  than  with 
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the  fats  the  carbohydrates  are  the  less  and  the  fats  the  more  efficient, 
and  a  fat  calorie  is  worth  more  than  a  carbohydrate  calorie  in  the 
ration,  and  vice  versa  if  more  potential  energy  becomes  kinetic  with 
the  fat  ration  the  fat  is  inferior  and  the  carbohydrate  superior  as  a 
source  of  energy. 

The  other  test  is  found  in  the  draft  upon  body  material  as  measured 
in  terms  of  energy.  If  the  draft  is  smaller  with  the  carbohydrate  than 
with  the  fat,  the  carbohydrate  energy  is  more  efficient.  But  if  the 
body  uses  less  of  its  material  with  the  fat  ration  the  fat  has  the  higher 
energy — efficiency  value. 

These  two  tests  really  represent  two  views  of  essentially  the  same 
question,  which  is  really  the  one  just  discussed  in  comparing  carbo- 
Irydrates  and  fats  as  protectors  of  body  material. 

In  the  seven  pairs  of  work  experiments  in  which  the  fats  and  carbo- 
hydrates may  be  compared  the  data  bearing  upon  these  two  points  are 
condensed  in  Table  103. 


Table  103. — Relative  efficiency  of  fats  and  carbohydrates  in  rations  for  muscular  work. 


Subject  and  kind  of  experiment. 

tion. 

Avail- 

ergy  of 
food. 

Energy  of 

AYtArn  *i  1 

CAlCl  Ll<Xi 

muscular 
work. 

Energy  of 
material 
oxidized. 

Energy  of 

body, 
materal 
gained  (  +  ) 

nr  ln«t  1  

Directly  comparable  experiments. 

Experiment  No.  40,  subject  J.  C.  W.,  carbohydrate 
diet  

Days. 

4 

4 

4 
4 

4 
4 

3 
3 

Calories. 

4,180 
4, 150 

4, 602 
4, 496 

4,366 
4,478 

5, 132 
5, 120 

Calories. 

518 
522 

571 
548 

562 
551 

587 
607 

Calories. 

5,251 
5, 304 

5,125 
5,155 

5, 173 
5, 193 

5, 104 
5, 309 

Calories. 

-1,071 
-1,154 

-  523 

-  659 

-  807 

-  715 

+  28 

-  189 

Experiment  No.  41,  subject  J.  C.  W.,  fat  diet  

Experiment  No.  44,  subject  J.  C  W.,  carbohydrate 
diet  

Experiment  No.  43,  subject  J.  C  W..  fat  diet  

Experiment  No.  47,  subject  J.  C.  W.,  carbohydrate 
diet  

Experiment  No.  46,  subject  J.  C  W.,  fat  diet  

Experiment  No.  53,  subject  J.  C.  W.,  carbohydrate 
diet  

Experiment  No.  52,  subject  J.  C  W.,  fat  diet  

Average  4  experiments,  subject  J.  C.  W.,  car- 
bohydrate diet  

Average  4  experiments,  subject  J.  C.  W.,  fat 
diet  

15 

4,532 

558 

5, 167 

-  635 

15 

4,524 

554 

5,  236 

-  712 

Less  directly  comparable  experiments. 
Experiment  No.  29,  subject  J.  F.  S.,  carbohydrate 

3 
3 

3 
3 
4 
4 

3,260 
.  3, -275 

3, 241 
3, 226 
3, 510 
3, 414 

255 
249 

250 
196 
187 

256 

3,517 
3,441 

3,644 
3, 590 
3,909 
3,839 

-  257 

-  166 

-  403 

-  364 

-  399 

-  425 

Experiment  No.  31,  subject  J.  F.  S.,  fat  diet  

Experiment  No.  34,  subject  J.  F.  S.,  carbohydrate 
diet  

Experiment  No.  32,  subject  J.  F.  S.,  fat  diet  

Experiment  No.  11,  subject  E.  0.,  carbohydrate  diet. 

Experiment  No.  6,  subject  E.  0.,  fat  diet  

Average  3  experiments,  subjects  E.  0.  and  J. 
F.  S.,  carbohydrate  diet  

Average  3  experiments,  subjects  E.  0.  and  J. 
F.  S.,  fat  diet  

All  the  above  experiments. 

Average  7  experiments,  with  3  subjects,  carbohy- 
drate diet  

Average  7  experiments,  with  3  subjects,  fat  diet  

10 

3,354 

226 

3,  712 

-  358 

10 

3,316 

236 

3, 645 

-  329 

25 
25 

4, 061 
4,040 

425 
427 

4,585 
4,599 

-  524 

-  559 

185 


The  directly  comparable  experiments  (those  with  J.  C.  W.)  show  a 
somewhat  higher  efficiency  for  the  carbohydrate  than  for  the  fat  diet. 
In  the  less  directty  comparable  experiments  the  results  are  not  con- 
cordant, but  the  average  shows  a  slight  apparent  advantage  of  the  fat 
over  the  carbohydrate.  In  the  average  of  all  the  experiments  the  dif- 
ferences between  the  two  series  practically  neutralize  each  other  and 
there  is  no  appreciable  difference  in  efficiency,  the  slightly  larger  draft 
upon  body  material  in  the  average  of  the  fat  experiments  being  no 
more  than  might  be  expected  from  the  fact  that  the  diet  was  slightly 
smaller  and  the  amount  of  work  done  was  a  trifle  larger. 

The  experiments  with  J.  C.  W.  are  perhaps  much  better  fitted  than 
the  others  to  throw  light  upon  this  question,  and  the  statistics  as 
recorded  for  these  appear  to  exhibit  an  appreciable  advantage  for  the 
carbohydrate  over  the  fat  ration.  This  is  made  clearer  by  recalcu- 
lating the  results  so  as  to  show  the  relative  value  of  the  fat  and 
carboh}Tdrate  diets  in  terms  of  calories  of  energy  metabolized  per  day 
and  in  terms  of  the  percentage  efficiency  of  the  fat  as  compared  with 
the  carbohydrate  diet  and  of  the  fat  itself  as  compared  with  the  car- 
bohydrates.   The  results  are  shown  in  Table  104. 


Table  104. — Efficiency  of  fats  versus  carbohydrates  in  work  experiments  with  J.  C.  W. 


Percentage  efficiency  of 
energy. 

Experiments. 

Duration 
of  each 
experi- 
ment. 

Apparent 
deficiency 
with  the 
fat  diet. 

Energy  of  fat 
diet  as  com- 
pared with 

energy  of  car- 
bohydrate 
diet. 

Energy  of 
fats  as  com- 
pared with 
energy  of 
carbohy- 
drates*. 

Experiment  No.  40,  carbohydrate  diet,  and  ex- 
periment No.  41,  fat  diet;  average  per  dav  

Days. 

4 

Calories. 
33 

Per  cent. 

99.2 

Per  cent. 

98.3 

Experiment  No.  44,  carbohydrate  diet,  and  ex- 
periment No.  43.  fat  diet;  average  per  dav  

4 

145 

96.8 

92.8 

Experiment  No.  47,  carbohydrate  diet,  and  ex- 

4 

75 

98.3 

90.2 

Experiment  No.  53,  carbohydrate  diet,  and  ex- 
periment No.  52,  fat  diet;  average  per  day  

3 

105 

97.9 

94.8 

Average  of  the  above  experiments  

15 

89 

98.0 

95.5 

The  figures  in  the  column  ''Apparent  deficienc}T  with  fat  diet,'1  rep- 
resent the  algebraic  sum  of  (1)  the  difference  in  the  available  energy  of 
food,  (2)  the  difference  in  energy  of  body  material  oxidized,  and  (3)  five 
times  the  difference  in  the  heat  equivalent  of  the  external  muscular 
work,  since  for  this  subject  the  mechanical  efficiency  was  found  to  be 
very  close  to  20  per  cent,  or,  in  other  words,  the  5  calories  which  must 
be  metabolized  for  the  production  of  an  amount  of  external  muscular 
work  equivalent  to  1  calorie.  With  experiments  Xos.  40  and  41  the 
difference  in  the  available  energy  of  the  food  is  30  calories,  the  differ- 
ence in  the  energy  of  body  material  oxidized  is  —83  calories,  the  work 
done  is  equivalent  to  1  calories  more  with  the  fat  than  with  the  car  bony- 
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drate  diet  on  account  of  which  the  fat  diet  is  credited  with  20  calories. 
We  thus  have  for  the  fat  as  compared  with  the  carbohydrate  diet 
(+30,  —83,  and  +20  calories)  a  balance  of  —33  calories,  or,  in  other 
words,  a  deficit  of  33  calories  in  the  utilization  of  the  energy  with  the 
fat  as  compared  with  the  carbohydrate  diet.  The  total  available 
energy  of  the  diet  was  4,165  calories  (mean  of  -1,180  and  1,150),  of  which 
the  33  calories  is  0.8  per  cent.  Assuming  the  difference  to  be  due 
wholly  to  the  inferiorty  of  the  fat  diet,  the  effectiveness  of  the  latter 
as  compared  with  the  carbohydrate  diet  would  be  99.2  per  cent.  The 
quantities  of  fats  and  carbohydrates  which  replaced  each  other  in  these 
experiments  furnished  approximately  2,000  calories  of  energy,  of 
which  the  33  calories  would  represent  1.7  per  cent.  If,  therefore,  we 
charge  the  deficit  wholly  to  the  fat,  the  latter  would  be,  calorie  for 
calorie,  98.3  per  cent  as  effective  as  the  carbolrydrates.  The  same 
method  of  calculation  gives  88  calories  as  the  average  deficit  per  day 
for  the  fats,  and  makes  the  fat  diet  98  per  cent  as  efficient  as  the  carbo- 
h}^drate  diet,  and  the  fat  itself  95.5  per  cent  as  efficient  as  the  carbo- 
hydrate. 

It  is  to  be  borne  in  mind  in  this  discussion  that  one  of  the  values 
referred  to  above,  namely,  the  heat  equivalent  of  external  muscular 
work,  could  not  in  these  experiments  be  determined  as  accurately  as 
desired,  because  of  imperfections  in  the  ergometer  used,  as  previously 
pointed  out  (see  pages  30-31).  The  calibrations  of  this  apparatus 
indicated  the  possibility  of  variations  of  several  per  cent  either  side  of 
the  mean.  It  is  highly  probable  that  these  errors  tended  to  counter- 
balance, so  that  the  general  average  would  be  not  far  from  the  truth; 
the  present  discussion  is  based  on  the  assumption  that  such  was  the 
case.  On  the  other  hand,  it  may  be  that  such  errors  affected  the 
experiments  with  one  ration  more  than  those  with  the  other,  and  in 
view  of  such  a  possibility  a  considerable  degree  of  reserve  is  called  for 
in  accepting  the  figures  for  external  muscular  work,  especially  since 
whatever  error  there  is  here  is  multiplied  by  5,  as  explained  above. 
With  this  reservation  the  present  discussion  seems  warranted.  And 
since  the  differences,  while  not  large,  seem  constant  in  one  direction, 
so  far  as  the  data  may  be  accepted  they  suggest  that  with  J.  C.  W. 
the  energy  of  the  carbohydrates  was  utilized  more  efficiently  for  the 
production  of  muscular  work  than  that  of  the  fats. 

In  the  four  pairs  of  experiments  with  J.  C<  W.,  the  results  of  which 
are  tabulated  on  page  185  and  furnish  the  basis  for  the  above  discussion, 
it  is  to  be  noted  that  in  one  case  (Nos.  40  and  11)  the  carbohydrate  diet 
preceded  the  fat  diet,  while  in  the  other  three  cases  the  fat  preceded 
the  carbohydrate  diet.  In  spite  of  this  difference  in  the  order  of 
arrangement,  the  slight  apparent  superiority  of  the  carbohydrate  over 
the  fat  ration  is  noticeable  in  all  four  cases.  Moreover,  in  each  of  the 
three  cases  in  which  the  experiment  with  fat  diet  preceded  that  with 
carbohydrate  diet,  the  latter  was  followed  by  an  experiment  of  a  single 
day  with  the  fat  diet.  These  experiments  (Nos.  15,  48,  and  54 — see 
Table  69,  page  101)  may  be  compared  with  the  carbohydrate  diet  which 
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they  followed,  and  the  effectiveness  of  the  energy  of  the  fat  versus  the 
carbohydrate  ration  computed  in  the  manner  already  described  in  detail 
(page  183),  though  the  experiments  are  of  course  less  valuable  than  the 
others,  inasmuch  as  the  duration  of  the  fat  experiment  was  in  each 
case  only  one  day.  However,  it  is  interesting  to  note  that  in  every 
case  such  a  comparison  shows  an  apparent  superiority  of  the  carbo- 
hydrate over  the  fat  diet.  Thus,  a  consideration  both  of  the  order  of 
sequence  of  the  three  and  four  day  experiments  which  are  tabulated 
and  discussed  in  detail,  and  of  the  single-day  experiments  just  men- 
tioned, confirms  the  conclusion  that,  if  the  data  are  trustworthy,  for 
J.  C.  W,  the  carbohydrates  were  somewhat  superior  to  the  fat  as 
part  of  a  diet  for  muscular  work,  regardless  of  the  sequence  of  the 
experiments. 

On  the  other  hand,  if  we  should  average  the  experiments  with  J.  C.  W*. 
with  the  less  directly  comparable  pairs  of  experiments  with  J.  F.  S. 
and  E.  O.  (see  Table  103,  above)  the  totals  would  show  no  appreciable 
difference  in  the  apparent  effectiveness  of  the  carbohydrate  and  fat 
diets.  It  is  possible  that  the  lower  efficiency  of  the  fat  with  J.  C.  W. 
may  be  due  to  the  individuality  of  the  subject  rather  than  to  any  real 
and  inherent  inferiority  of  the  fat  as  compared  with  the  carbohydrate. 

The  general  conclusion  is  that  in  these  experiments  the  fats  were 
slightly  inferior  to  isod}mamic  amounts  of  carbolrydrates  as  parts  of  a 
ration  for  muscular  work.  But  while  the  natural  inference  is  that 
calorie  for  calorie  the  carbohydrates  were  slightly  superior  to  the  fats 
as  sources  of  muscular  energy,  the  difference  observed  was  very  small 
and  may  have  been  due  to  some  individual  peculiarity  of  the  subject 
with  which  the  more  directly  comparable  experiments  were  made 
rather  than  to  an}T  inherent  difference  in  the  capacity  of  the  materials 
to  yield  energy  for  external  muscular  work. 

CARBOHYDRATES   AND  FATS  VERSUS    PROTEIN  AS   SOURCES  OF  ENERGY 
FOR  MUSCULAR  WORK. 

It  is  generally  believed  by  physiologists  to-day  that  while  the  energy 
of  protein  ma}T  be  and  actually  is  used  for  muscular  activity  carbolry- 
drates and  fats  are  the  chief  sources  of  muscular  energy.  Liebig's 
theory  has,  however,  been  lately  revised  by  Pfluger^  and  his  pupil 
Argutinsk}T,  and  made  the  subject  of  current  discussion. 

The  experiments  here  described,  especially  those  with  J.  C.  W., 
give  opportunity  for  comparing  the  amounts  of  energy  supplied  by 
the  protein,  fats,  and  carbohydrates  oxidized  in  the  body  with  the 
amounts  of  external  muscular  work,  as  is  shown  in  the  special  discus- 
sion of  this  subject  above  (pages  182-187).  The  figures  of  Table  105 
herewith  bring  out  the  comparison  between  the  energy  of  protein  and 
that  of  external  muscular  work. 

«Arch.  Physiol.  [Pfliiger],  4G  (1889-90),  p.  552,  and  50  (1891),  p.  98.  See  review 
of  this  subject  by  Armsby,  Principles  of  Animal  Nutrition,  New  York,  1903,  pp. 
185-225. 
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Table  105. — Comparison  between  energy  of  total  protein  oxidized  and  energy  of  external 
muscular  work  in  experiments  with  J.  C.  W. — Averages  per  day. 


Heat  equiv- 

Dura- 

alent of 

Energy  of 

Total  en- 

tion. 

external 

protein 

ergy  trans- 

muscular 

oxidized. 

formed. 

work. 

Carbohydrate  diet. 

Days. 

Calories. 

Calories. 

Calories. 

Experiment  No.  37  

4 

506 

446 

4,764 

4 

518 

446 

5, 223 

4 

571 

440 

5, 199 

Experiment  No.  47  

4 

562 

418 

5,248 

Experiment  No.  49  

3 

515 

457 

5,245 

3 

587 

392 

5,178 

Average  above  experiments 

22 

543 

434 

5,137 

Fat  diet. 

4 

495 

552 

4,477 

4 

522 

Old 

5, 242 

Experiment  No.  43  

4 

548 

505 

5,205 

1 

577 

426 

5, 162 

4 

551 

510 

5,248 

Experiment  No.  48  

1 

550 

462 

5, 218 

Experiment  No.  52  

3 

607 

433 

5,277 

3 

595 

450 

5, 215 

Average  above  experiments  

24 

550 

489 

5, 106 

Average  above  14  experiments,  fat  and  carbohy- 

46 

546 

463 

5,121 

Experiment  No.  50,  one  meal,  5  hours'  work  

1 

307 

365 

4,134 

Experiment  No.  55,  extra  severe  work  

1 

1,482 

478 

9,314 

In  the  experiments  summarized  above  the  subject  worked  8  hours  per 
day  on  the  bicycle  ergometer,  except  in  experiment  No.  55,  in  which 
he  worked  16  hours.  The  external  muscular  work  was  the  power 
generated  in  the  muscles  of  his  legs  and  applied  to  the  pedals  of  the 
wheel.  The  figures  in  the  table  show  the  heat  equivalent  of  this  work 
in  each  experiment  and  the  averages  of  all.  The  essential  feature  is 
found  in  the  comparison  of  the  energy  of  the  protein  with  that  of  the 
external  work.  The  available  energy  of  the  protein  for  the  day  is  the 
total  amount  which  was  liberated  from  the  body  by  the  cleavage  and 
oxidation  of  proteid  compounds  during  the  24  hours  of  each  day.  Of  the 
total  energ}^  transformed  in  the  body,  only  a  part  appears  as  external 
muscular  work.  Another  part,  which  is  a  considerable  factor  of  the 
whole,  though  its  exact  amount  is  not  known,  is  used  for  internal 
muscular  work,  such  as  circulation,  respiration,  and  peristalsis.  It  is 
hardly  conceivable  that  all  of  the  energy  supplied  by  the  protein  during 
the  hours  of  muscular  work  could  have  been  transformed  into  the  energy 
which  was  applied  to  the  pedals  through  the  work  of  the  leg  muscles, 
and  still  less  is  it  possible  that  all  of  the  energy  coming  from  the  pro- 
tein during  the  24  hours  should  have  been  concentrated  upon  the  pedals 
during  the  8  hours.  At  the  same  time,  the  total  energy  of  the  muscular 
work  is  greater  than  the  total  energy  of  the  protein,  so  that  even  if  all 
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of  the  latter  has  been  used  for  external  work,  it  would  not  have  met 
the  whole  demand.  It  is  thus  clearty  impossible  that  all  of  the  muscu- 
lar work  should  have  been  done  at  the  expense  of  protein.  Some  must 
have  come  from  the  carbohydrates  and  fats.  Taking-  into  account  both 
internal  and  external  muscular  work,  the  case  against  the  theory  that 
proteids  are  the  sole  source  of  muscular  energy  is  still  stronger. 

A  more  striking  example  is  found  in  experiment  No.  55,  though 
unfortunately  the  determinations  of  energy  metabolized  are  not  wholly 
reliable,  as  explained  in  the  detailed  description  of  the  experiment  on 
page  89.  The  total  amount  of  protein  katabolized,  as  indicated  in  the 
amount  of  nitrogen  excreted  per  da}7  in  the  urine,  was  sufficient  to 
provide  478  calories  of  available  energy.  The  period  of  work  covered 
16  hours  out  of  the  24.  The  total  energy  transformed  in  the  body  was 
computed  to  be  9,981  calories.  This,  however,  was  on  the  assumption 
that  all  of  the  carbon  lost  from  the  body  other  than  that  derived  from 
protein  was  supplied  by  fats,  whereas  there  is  good  reason  to  believe 
that  the  body  lost  glycogen  as  well  as  fat.  If  such  was  the  case,  the 
output  of  energy  must  have  been  smaller.  The  total  quantity  of 
energy  measured  was  9,314  calories,  but,  as  explained  above  (page  89), 
there  is  reason  to  believe  that  an  experimental  error  reduced  this 
observed  amount  below  the  actual  output.  It  seems  probable  that  the 
amount  of  energy  transformed  in  the  body  during  the  24  hours  was 
somewhere  between  9,314  and  9,981  calories.  For  the  sake  of  argu- 
ment, however,  we  can  assume  that  it  was  only  9,314.  The  estimated 
energy  from  the  food  was  5,138  calories.  The  estimated  energy 
derived  from  the  katabolism  of  a  reserve  store  of  body  material  is 
estimated  at  4,843  calories.  These  two  quantities  make  together  9,981 
calories.  With  so  large  a  draft  upon  the  body  material,  there  was 
naturally  a  considerable  draft  upon  the  protein,  so  that  the  body  lost 
both  protein  and  fat.  The  total  amount  of  protein  in  the  food  of  the 
day  was  sufficient  to  supply  434  calories.  The  amount  of  nitrogen  in 
the  urine  corresponded  to  478  calories,  thus  implying  that  44  calories 
came  from  body  protein.  Other  investigations  lead  us  to  believe  that 
when  excessive  muscular  work  makes  so  large  a  draft  upon  body  mate- 
rial, not  all  the  products  of  the  protein  katabolized  are  eliminated  in 
the  urine  for  the  day,  but  more  or  less  lags  behind  and  is  eliminated 
in  the  succeeding  one  or  two  days.  We  have  no  measure  of  the  nitro- 
gen lag  in  this  case,  but  to  say  that  the  protein  broken  down  was 
sufficient  to  supply  600  calories  of  energy  would  doubtless  be  a  very 
liberal  estimate.  The  heat  equivalent  of  the  external  muscular  work 
performed  during  the  16  hours  of  the  24  was  1,482  calories  as  com- 
pared with  the  478  in  the  protein  corresponding  to  the  actual  excretion 
of  nitrogen  in  the  urine,  and,  if  possible,  600  in  the  protein  katabolized 
in  the  above  estimate.  It  seems  fair  to  conclude,  therefore,  that  in 
this  case  a  large  amount  of  the  energy  must  have  come  from  the 
carbohydrates  and  fats. 
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In  this  discussion  we  should  not  forget  that  only  a  fraction  of  the 
energy  of  the  material  katabolized  in  the  body  as  the  result  of  external 
muscular  work  appears  in  that  form.  According  to  the  calculations 
made  elsewhere  (page  192)  for  every  calorie  which  was  transformed 
into  external  muscular  energy,  1  calories  or  more  were  transformed 
into  heat,  and  left  the  body  in  that  form.  Whether  the  ratio  between 
total  energy  transformed  and  that  which  becomes  muscular  energy  is 
the  same  for  the  internal  muscular  work  of  the  body  we  have  no 
means  of  knowing,  but  the  fact  that  the  total  transformation  of  energy 
which  accompanies  external  work  is  several  times  the  amount  of  exter- 
nal work  makes  the  demand  upon  material,  other  than  protein,  for 
energy  to  be  used  in  the  production  of  muscular  labor  all  the  greater. 

The  conclusions  from  these  figures  are  two:  (1)  A  considerable 
amount  of  the  energy  of  external  muscular  work  in  these  experiments 
must  certainly  have  come  from  other  material  than  the  protein;  and 
(2)  it  is  in  the  highest  degree  probable  that  the  larger  part  of  the 
material  which  was  broken  down  and  oxidized  to  supply  the  energy  of 
external  muscular  work  "consisted  of  carbohydrates  and  fats. 

These  conclusions  agree  fully  with  the  general  belief  of  physiolo- 
gists, that  all  of  the  nutrients  of  food,  proteids,  fats,  and  carbohy- 
drates may  supply  energy  for  muscular  work,  but  that  the  chief  source 
is  in  the  carbohydrates  and  fats.  They  leave  no  basis  whatever  for 
the  theory  that  the  proteids  are  the  sole  source  of  muscular  energy. 

EFFICIENCY  OF  THE  BODY  AS  A  MACHINE. 

The  experiments  here  reported  give  data  for  computing  the  ratio  of 
the  external  muscular  work  to  the  energy  transformed  b}^  the  body. 
The  results  which  bear  upon  this  topic  are  summarized  in  Table  106. 

Table  106. — Relation  of  external  muscular  ivork  to  energy  katabolized — Quantities  per  day. 


Subject  and  kind  of  experiment. 


Subject  E.  0. 

Average  of  13  rest  experiments  

Average  of  3  work  experiments  

Subject  J.  F.  S. 

Average  of  4  rest  experiments  

Average  of  6  work  experiments  

Subject  J.  C.  W. 

Average  of  1  rest  experiment  

Minimum  of  14  work  experiments  . 
Maximum  of  14  work  experiments. 
Average  of  14  work  experiments  . . . 


Dura- 
tion. 


Days. 
42 


Energy  katabolized. 


Calories. 
2, 279 
3,892 


2,119 
3,559 


2,357 
5, 056 
5, 332 
5,143 


Excess  in 
work  over 
rest  experi- 
ments. 


Calories. 


1,613 


Heat 
equivalent 
of  external 
muscular 
work. 


2,699 
2, 975 
2, 786 


Calories. 
214 


529 
601 
546 


Efficiency. 


Per  cent. 


13.3 


19.6 
20.2 
19.6 
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The  principle  used  in  the  above  calculations  is  this:  The  body  uses 
a  certain  amount  of  energy  for  the  maintenance  of  vital  functions,  i.  e., 
for  its  physiological  work,  and  an  additional  amount  for  the  other 
work  which  it  has  to  do.  The  other  work  is  of  various  kinds,  and 
may  include,  in  addition  to  what  is  often  called  external  muscular 
work,  mental  exercise  and  nervous  strain,  although  there  is  no  positive 
evidence  at  present  that  such  activity  involves  any  considerable 
increase  in  the  metabolism  of  matter  or  energy.  Experiments  on  this 
topic  are  not  numerous.  A  single  series  of  experiments  in  this  labora- 
tory, previously  reported  in  detail/'  showed  no  larger  metabolism  of 
matter  with  severe  intellectual  labor  than  with  the  most  complete  rest 
possible.  In  these  experiments,  Nos.  4A  and  4B  (see  list  of  experi- 
ments, Table  69),  the  subject,  A.  W.  S.,  a  plrysicist,  spent  twelve  suc- 
cessive days  in  the  respiration  chamber.  Nine  of  these  days  were 
divided  into  three  successive  periods  of  3  days  each,  the  remaining 
3  days  being  divided  between  a  preliminary  and  a  supplementary 
period.  The  first  of  the  experimental  periods  was  devoted  to  severe 
mental  work,  the  second  to  as  complete  rest  as  possible,  and  the  third 
to  severe  muscular  work.  The  mental  labor  consisted  in  calculating 
results  of  experiments  and  studying  a  German  treatise  on  physics 
for  8  hours  per  day.  In  intensity  and  amount  it  was  such  as  would 
hardly  be  equaled  b}T  a  person  not  accustomed  by  long  training  to 
reasonably  severe  mental  effort.  Yet,  as  previously  noticed,  it  exer- 
cised no  apparent  effect  on  the  metabolism  of  matter  or  energy — the 
results  of  the  period  agreeing  in  all  essential  particulars  with  those  of 
the  period  in  which  the  subject  rested. 

It  is  assumed  in  the  experiments  with  J.  C.  W.  that  if  the  mental 
activity  involved  any  considerable  transformation  of  physical  energy 
the  amount  of  such  transformation  was  the  same  in  the  rest  as  in  the 
work  experiments.  In  the  experiments  of  both  classes  there  was  a 
certain  amount  of  muscular  exercise  involved  in  dressing  and  undress- 
ing, the  care  of  the  bed,  chair,  and  table,  and  other  routine  operations 
in  the  respiration  chamber,  but  such  work- was  practically  the  same  in 
both  classes  of  experiments.  Aside  from  it  the  only  external  muscular 
exercise  was  that  of  driving  the  ergometer,  which  was  measured  and  in 
these  discussions  is  taken  as  the  total  external  muscular  work.  Its 
heat  equivalent  is  given  in  the  fourth  column  of  Table  106.  The  second 
column  shows  the  total  energy  metabolized  per  day.  It  is  here  assumed 
that  the  excess  of  energy  in  the  work  experiments  over  that  in  the  rest 
experiments  for  each  subject  as  shown  in  the  third  column  represents 
the  energy  transformed  for  the  performance  of  the  external  muscular 
work.  The  ratio  of  the  work  to  the  energy  transformed  is  expressed 
in  percentages  in  the  last  column. 
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According-  to  these  figures,  in  Table  106,  E.  O.  in  13  rest  experiments 
covering  12  days  katabolized  2,279  calories  of  energy  per  day.  In  3 
work  experiments  covering  12  days  the  energy  katabolized  was  3,892 
calories  per  day.  The  excess,  1,613  calories,  is  attributed  to  the 
external  muscular  work,  the  heat  equivalent  of  which  was  211  calories, 
or  13.3  per  cent  of  the  excess  katabolized.  Of  course  there  is  no 
certainty  that  in  the  work  experiments  the  katabolism  other  than  that 
due  to  the  external  muscular  work  was  exactly  equal  to  that  of  the  rest 
experiments,  but  this  method  of  calculation  is  perhaps  the  best  which 
the  data  permit.  On  this  basis  only  a  little  over  one-eighth  of  the 
total  energy  required  for  this  external  work  reappeared  in  the  work 
done. 

Considering  the  body  of  J.  F.  S.  in  like  manner  as  a  machine,  its 
efficiency  with  a  slightly  larger  amount  of  external  muscular  work  was 

16.2  per  cent.  With  J.  C.  W.  we  have  only  one  rest  experiment  with 
food,  and  the  basis  for  comparison  with  the  work  experiments  is  there- 
fore less  reliable.  Taking  the  figures  as  they  are,  and  remembering 
that  the  amount  of  work  done  Avas  more  than  double  that  with  either 
of  the  other  subjects,  it  appears  that  in  the  average  of  11  experiments, 
covering  in  all  16  days,  during  which  he  worked  8  hours  and  applied 
muscular  power  equivalent  to  546  calories  of  energy  per  day  to  the 
pedals  of  the  bicycle  ergometer,  he  more  than  doubled  the  amount 
of  energy  transformed  in  the  body  and  applied  19.6  per  cent  of  this 
energy  to  the  pedals. 

It  is  interesting  to  note  that  this  ratio  of  efficiency  with  J.  C.  W. 
was  very  nearly  constant.  Thus  in  1  experiments,  covering  16  days, 
with  an  average  external  work  corresponding  to  529  calories,  the  effi- 
ciency was  the  same  as  in  the  average  for  the  total.  In  2  experiments, 
covering  6  days,  with  external  work  corresponding  to  601  calories,  the 
efficiency  was  20.2  per  cent.  No  less  interesting  are  the  figures  for 
experiment  No.  55,  which  are  not  included  in  the  table  because  of 
probable  errors  in  the  data  for  amounts  of  total  energy  transformed. 
The  details  of  this  experiment,  which  was  of  only  a  single  day,  are 
given  on  pages  88-97.  Of  the  21  hours  of  this  experiment  16  (not 
continuous)  were  spent  in  driving  the  ergometer.  The  work  was 
not  only  long  continued  but  was  severe,  as  is  evidenced  by  the  heat 
equivalent,  which  was  1,182  calories,  and  by  the  energy  metabolized, 
which  was  estimated  at  9,981  and  measured  as  9,311  calories.  It  is 
probable  that  neither  of  these  figures  is  correct  and  that  the  true  value 
lies  between  them.    The  efficiency  indicated  by  the  smaller  figure  is 

21.3  and  by  the  larger  19.1  per  cent. 

It  appears  that  whatever  was  the  amount  of  work  which  J.  C.  W. 
did  with  the  muscles  used  in  turning  the  wheel  of  the  bicycle  he 
transformed  about  5  calories  of  energy  in  his  body  for  every  one 
which  was  utilized  in  the  performance  of  mechanical  work. 
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In  all  these  cases  the  subjects  were  fairly  efficient  machines,  as  will 
be  seen  when  it  is  remembered  that  the  ordinary  steam  engine  trans- 
forms only  about  15  per  cent  of  the  energy  of  the  fuel  into  work.  It 
is  quite  possible  that  something  more  satisfactory  than  the  ergometer 
ma}"  be  devised  for  utilizing  the  external  muscular  work  performed 
by  the  subject. 

CONSERVATION  OF  ENERGY  IN  THE  BODY. 

In  the  original  planning  of  the  experiments  described  in  the  series 
of  reports  of  which  the  present  is  the  fourth,  the  first  purpose  was  to 
develop  an  apparatus  and  method  for  the  measurement  of  the  energy 
transformed  in  the  body.  The  underlying  thought  was  that  if  these 
measurements  could  be  made  accurately  they  might  serve  to  show 
that  the  law  of  the  conservation  of  energy  obtains  in  the  body,  a  prin- 
ciple which  is  generally  believed  but  was  thought  by  not  a  few  physi- 
ologists to  lack  complete  demonstration.  If  this  could  be  accomplished 
the  principle  and  the  apparatus  it  was  felt  could  be  utilized  for  a  more 
successful  study  of  some  of  the  fundamental  laws  of  nutrition  than 
would  otherwise  be  possible. 

The  investigations  of  Rubner"  in  Germany  and  of  Laulanie5  in 
France  had  brought  results  full}"  in  accordance  with  the  law  of  the 
conservation  of  energy,  but  their  experiments  were  made  with  small 
animals,  dogs  and  rabbits,  and  were  comparatively  few  in  number; 
the  experimental  periods  were  rather  short;  the  analyses  of  food, 
drink,  and  excreta  were  not  carried  out  in  great  detail,  and  no  exper- 
iments were  made  in  which  external  muscular  work  was  involved. 

It  was  felt  that  the  demonstration  would  be  more  nearly  complete, 
and  on  the  whole  much  more  satisfactory  if  the  experiments  could  be 
made  with  men  as  subjects  who  were  familiar  with  the  methods  of 
scientific  research;  if  the  experimental  periods  could  cover  several 
days  each  instead  of  being  limited  to  a  day  or  part  of  a  day;  if  com-< 
plete  analyses  could  be  made  of  the  food,  drink,  and  excretory  prod- 
ucts, the  heats  of  combustion  of  the  unoxidized  materials  being  like- 
wise directly  determined  in  each  case;  if  the  experiments  could  cover 
different  conditions  as  regards  food  and  fasting,  work  and  rest;  if 
external  muscular  work  could  be  performed  and  measured,  and  finally 
if  the  experiments  could  be  repeated  with  the  same  subject  and  with 
different  subjects.  So  extensive  a  programme  was  perhaps  unneces- 
sary for  the  study  of  a  question  about  which  there  was  really  little 
doubt,  and  even  the  experiments  which  have  been  reported  may  not 
suffice  for  the  final  and  absolute  demonstration — that  the  law  of  the 
conservation  of  energy  obtains  in  the  body,  but  it  will  be  worth  while 
to  consider  what  they  do  show. 

«Ztschr.  Biol.,  30  (1894),  p.  73. 
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Income. and  outgo  of  energy  in  the  body. — These  experiments  com- 
pare the  amounts  of  potential  energy  in  the  materials  actually  oxidized 
in  the  body  with  the  amounts  of  kinetic  energy  given  off  from  it,  either 
as  heat  alone  in  the  rest  experiments  or  as  heat  and  external  muscular 
work  in  the  work  experiments. 

In  the  rest  experiments  there  was  no  considerable  amount  of  exter- 
nal muscular  work.  The  little  that  was  done  would  naturally  be  con- 
verted into  heat,  as,  for  instance,  in  the  impact  of  the  foot  upon  the 
floor  in  stepping,  or  of  the  bod}r  upon  the  chair  or  bed  in  sitting  or 
lying  down.  The  heat  thus  imparted  to  the  floor,  chair,  or  bed  would 
eventually  find  its  way  to  the  heat  absorbers,  and  would  thus  be  carried 
out  with  the  heat  given  off  as  such  by  the  body.  Roughly  speaking, 
we  m&y  say  that  all  the  potential  energy  made  kinetic  in  the  body  by 
the  oxidation  of  food  and  body  material  left  the  body  as  heat,  and  that 
this  made  the  net  outgo  of  energy. 

In  the  work  experiments  a  certain  amount  of  energy  is  given  off  as 
external  muscular  work,  and  this  added  to  the  heat  given  off  from  the 
body  makes  the  net  outgo. 

Table  107  compares  the  net  income  and  outgo  of  energy  in  15  of 
the  51  respiration  calorimeter  experiments  designated  in  the  text  on 
page  119  as  Nos.  5-55,  the  omissions  being  the  fasting  experiments 
with  J.  C.  W.,  in  which  the  uncertainty  as  to  the  amount  of  carbohy- 
drates (glycogen)  lost  by  the  body  makes  the  comparison  doubtful, 
and  Nos.  50  and  55,  also  with  J.  C.  W.,  in  each  of  which  there  was  an 
evident  error  in  the  heat  measurement. 


Table  107. — Comparison  of  income  and  outgo  of  energy  in  45  metabolism  experiments 
covering  143  experimental  days — Average  amounts  per  day. 


Subject  and  kind  of  experiment. 

Dura- 
tion. 

Netincome 
(potential 
energy  of 
material 

oxidized  in 
the  body). 

Net  outgo 
(kinetic 
energy 
given  off 
from  the 
body). 

Difference  (in 
terms  of  net  in- 
come). 

Ordinary  diet. 

REST  EXPERIMENTS. 

7  experiments  with  E.  0  

1  experiment  with  A.  W.  S  

3  experiments  with  J.  F.  S  

1  experiment  with  J.  C.  W  

Average  of  12  experiments  with  E.  0., 
A.  W.  S.,  J.  F.  S.,  and  J.C  W  

WORK  EXPERIMENTS. 

2  experiments  with  E.  0  

4  experiments  with  J.  F.  S  

14  experiments  with  J.  C.  W  

Average  of  20  experiments  with  E.  0., 
J.F.S.,  and  J.C.  W  

Average  of  all  rest  and  work  experiments 
(32)  with  ordinary  diet  

Days. 

25 
3 
9 
4 

Calories. 
2,268 
2, 304 
2,118 
2, 357 

Calories. 
2,259 
2,279 
2,136 
2,397 

Calories. 
-  9 
-25 
+18 
+40 

Per  cent. 
-0.4 
-1.1 
+0.8 
+1.7 

41 

2,246 

2,246 

0 

0.0 

8 

12 
46 

3, 865 
3,539 
5, 120 

3, 829 
3,540 
5, 120 

-36 
+  1 
0 

-0.9 
0.0 
0.0 

66 

4,682 

4, 676 

-  6 

-0.1 

107 

3,748 

3,745 

-  3 

-0.1 
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Table  107. — Comparison  of  income  and  outgo  of  energy  in  45  metabolism  experiments 
covering  143  experimental  days — Average  amounts  per  day — Continued. 


Subject  and  kind  of  experiment. 

Dura- 
tion. 

Net  income 
(potential 
energy  of 
material 
oxidized  in 
the  body). 

Net  outgo 
(kinetic 
energy 
given  off 
from  the 
body). 

Difference  (in 
terms  of  net  in- 
come) . 

Special  diet.  * 

REST  EXPERIMENTS. 

6  experiments  with  E.  0  

3  experiments  with  A.  W.  S  

Average  of  10  experiments  Avith  E.  0., 
A.W.S.,  and  J.F.S  

WORK  EXPERIMENTS. 

1  experiment  with  E.  0  

2  experiments  with  J.  F.  S  

Average  of  3  experiments  with  E.  0.  and 
J.F.S  

Days. 
17 
g 

3 

Calories. 
2, 313 
2,  308 
2,124 

Calories. 
2,319 
2  356 
2, 123 

Calories. 
+  6 
+48 
-  1 

Per  cent. 
+0.3 
+2.1 
0.0 

26 

2,290 

2,305 

+15 

+0.7 

4 
6 

3,922 
3,583 

3,928 
3,552 

+  6 
-31 

+0.2 
-0.9 

10 

3,  719 

3,702 

-17 

-0.5 

Average  of  all  rest  and  Avork  experiments 
(13)  Avith  special  diet  

Average  of  all  rest  and  Avork  experiments 
(45)  all  diets  

36 

2,687 

2, 695 

+  8 

+0.3 

143 

3,481 

3,481 

0 

0.0 

The  figures  for  income  and  outgo  of  energy  require  a  word  of  expla- 
nation. A  distinction  is  here  made  between  the  total a  income,  which 
is  represented  by  the  potential  energy  of  the  food,  and  the  net  income 
which  is  the  energy  of  the  material  actually  oxidized  in  the  body. 
This  energy  of  net  income  is  represented  by  the  available  energy  of 
the  nutrients  of  the  food  (i.  e. ,  potential  energy  of  total  food  less  that 
of  the  urine  and  feces)  minus  the  potential  energy  of  the  material 
gained  or  plus  that  of  material  lost  by  the  body  when  the  latter  is 
not  in  nitrogen  and  carbon  equilibrium.  The  total  energy  of  outgo 
would  be  the  kinetic  energy  given  off  from  the  body  in  heat  and  as 
external  muscular  work  plus  the  potential  energy  of  the  unoxidized 
materials  in  the  urine  and  the  feces.  The  net  energy  of  outgo  consists 
of  the  heat  given  off  and  the  external  muscular  work  done.  The  bal- 
ance of  income  and  outgo  is  best  shown  by  the  net  rather  than  the  total 
quantities,  as  is  the  case  in  Table  107. 

As  suggested  in  the  paragraph  above,  the  net  income  of  energy 
depends  upon  two  factors:  The  available  energy  of  the  food,  and  the 
energy  of  body  material  stored  or  lost,  the  latter  being  added  to  the 
former  when  the  body  loses  material  and  subtracted  when  it  gains. 
The  available  energy  of  food  is  found  from  direct  determinations,  by 

a  The  terms  ' '  total ' '  and  ' '  net ' '  here  applied  to  income  and  outgo  of  material  and 
energy  are  used  for  present  convenience,  and  may  in  future  reports  be  replaced  by 
more  satisfactory  expressions. 
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subtracting  from  the  heat  of  combustion  of  the  food  the  heats  of  com- 
bustion of  the  feces  and  urine,  all  of  which  are  measured  by  use  of 
the  bomb  calorimeter.  Since  these  measurements  are  reasonably 
exact  the  accuracy  of  this  factor  of  net  income  of  energy  depends 
upon  the  closeness  with  which  the  feces  and  urine  correspond  with 
the  food,  and  it  is  believed  that  under  the  conditions  of  the  experi- 
ments this  agreement  is  close,  and  that  the  figures  for  available  energy 
of  the  food  are  near  the  truth.  The  amounts  of  bod}^  material  stored 
or  lost  are  calculated  from  the  gains  or  losses  of  nitrogen  and  carbon 
by  use  of  factors  representing  the  elementary  composition  of  body 
protein  and  fat;  and  their  energy  is  likewise  calculated  by  use  of  fac- 
tors based  upon  direct  determinations  of  the  heats  of  combustion  of 
similar  substances.  While  there  is  a  possibility  of  error  in  these 
factors  they  are  based  upon  the  best  available  data,  and  the  calculated 
results  are  believed  to  vary  but  little  from  the  actual  facts. 

The  figures  for  net  outgo  of  energy  represent  the  heat  given  off  as 
such  when  the  body  is  at  rest,  and  this  plus  the  energy  of  external 
muscular  work  when  work  is  performed.  Inasmuch  as  the  energy  of 
external  muscular  work  is  converted  into  heat  in  the  calorimeter,  it  is 
measured  as  such  together  with  that  given  off  by  the  body.  The  net 
outgo  of  energy  is  therefore  determined  entirely  by  actual  measure- 
ment. 

A  common  usage  is  followed  in  applying  the  term  "potential  energy7' 
to  the  energy  latent  in  the  food  and  body  material  oxidized.  Whether 
chemical  energy  would  or  would  not  be  a  more  correct  expression  no 
attempt  is  here  made  to  decide.  Ordinary  usage  is  also  followed  in 
expressing  potential  energy  in  terms  of  heat — i.  e.,  as  calories — thus 
employing  a  unit  of  kinetic  energy  for  the  measurement.  This  though 
unsatisfactory  is  unavoidable,  since  we  have  neither  the  means  for 
measuring  potential  energy  as  such,  nor  a  unit  for  expressing  the 
measurements  if  they  were  made.  The  use  of  heat  of  oxidation  for 
the  measure  is  especially  appropriate  here,  since  the  energy  is  liberated 
mainly  by  oxidation  and  appears  chiefly  or  entirely  as  heat. 

If  the  law  of  the  conservation  of  energy  obtains  in  the  living  organ- 
ism, the  net  income  and  the  net  outgo  of  energy  should  be  the  same. 
In  such  physiological  experimenting,  however,  it  would  be  hardly  fair 
to  expect  the  figures  for  the  two  to  agree  for  each  day  of  a  given 
experiment  or  for  each  experiment  as  a  whole,  even  if  the  measure- 
ments with  the  respiration  and  bomb  calorimeters  are  exact.  There 
may  be  errors  in  the  estimates  of  the  amounts  and  heats  of  combus- 
tion of  the  materials  actually  oxidized.  Variations  due  to  irregulari- 
ties of  the  physiological  processes  of  the  body  are  unavoidable,  and 
may  materially  affect  the  results.  For  instance,  the  calculations  assume 
that  the  quantities  of  material  in  the  alimentary  canal  and  the  amounts 
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of  carbohydrates  in  the  body  as  a  whole  are  the  same  at  the  end  as  at 
the  beginning  of  each  day  or  experiment,  whereas  they  may  differ 
considerably,  and  the  differences  would  materially  affect  the  results. 
But  it  might  be  hoped  that  if  the  methods  are  correct  these  errors 
would  tend  to  counterbalance  one  another  in  a  series  of  experiments, 
and  that  in  the  average  of  a  sufficiently  large  number  of  experiments 
the  errors  would  thus  be  offset,  so  that  the  income  and  outgo  would  be 
very  nearly  the  same. 

Exactly  this  is  the  case  in  the  data  here  reported.  The  variations 
for  individual  days,  and  even  those  for  the  individual  experiments, 
as  shown  in  the  detailed  tables  in  this  and  the  previous  bulletins,  are 
not  inconsiderable,  but  considering  the  average  of  all  the  experiments 
the  agreementis  very  close.  Thus,  in  the  25  days  of  the  7  rest  experi- 
ments with  ordinary  diet  with  E.  O.,  according  to  the  figures  for  the 
individual  days  the  net  outgo  varies  from  165  calories  below  to  194 
calories  above  the  net  income.  Expressed  in  percentages  of  net 
income,  the  range  here  is  from  —6.5  to  +9.1  per  cent.  Both  these 
extremes  occurred  on  the  first  days  of  the  respective  experiments  and, 
in  general,  it  may  be  said  that  the  results  for  the  first  day  of  an  experi- 
ment are  found  to  be  less  satisfactory  than  those  for  the  succeeding 
days.  Considering  each  experiment  as  a  whole,  and  comparing  the 
averages  of  the  several  experiments  one  with  another,  the  range  of 
variation  is  less.  Here  the  net  outgo  varies  from  103  calories  below 
to  62  calories  above  the  net  income  per  day.  Expressed  in  percentages 
of  net  income,  the  range  is  from  —4.1  to  +2.9  per  cent.  But  in  the 
average  for  the  9  experiments  the  figures  for  the  net  income  and  outgo 
are  practically  the  same,  being  2,268  and  2,259,  calories,  respectively. 

The  percentage  discrepancies  in  the  individual  experiments  with  E.  O. 
are  the  largest  we  have  found.  They  occurred  in  the  early  experiments 
which  were  largely  given  up  to  the  development  of  experimental 
methods.  That  the  variations  are  less  in  the  later  experiments  may  be 
seen  by  examining  the  details  of  the  experiments  with  J.  C.  W.  as 
given  in  Table  126  of  the  Appendix.  Remembering  that  the  fasting 
experiments  Nos.  36,  39,  12,  and  51,  and  the  exceptional  experiments 
Nos.  50  and  55,  are  not  to  be  included  in  the  comparisons  for  the 
reasons  stated  above,  the  widest  variations  in  single  days  are  from 
+231  to  —258  calories,  or  from  +1.6  to  —1.7  per  cent,  and  the  widest 
in  the  individual  experiments  of  more  than  one  day  from  +157  to 
—  96  calories,  or  from  +3.1  to  —2.1  per  cent  of  the  net  income  in  each 
case. 

The  way  in  which  the  errors  compensate  each  other  is  illustrated  by 
the  data  in  Table  107,  in  which  the  averages  are  obtained  as  usual,  not  by 
averaging  the  averages  of  individual  experiments  or  groups  of  experi- 
ments, but  by  dividing  the  sum  totals  in  each  class  by  the  corresponding 
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numbers  of  days,  as  in  the  instance  above  cited.  The  sum  totals  from 
which  the  averages  for  the  several  classes  of  experiments  in  Table  107 
were  obtained  are  given  in  Table  108.  The  sum  totals  for  the  experi- 
ments with  J.  C.  W.,  which  were  the  latest  and  therefore  represent  the 
advantage  of  accumulated  experience  in  the  development  of  apparatus 
and  method,  are  appended. 


Table  108.— Total  income  and  outgo  of  energy  in  metabolism  experiments  with  the 
respiration  calorimeter. 


Subjects  and  kind  of  experiments. 

Dura- 

Difference in 

tion. 

Income. 

Outgo. 

terms  of  net 

income. 

Ordinary  diet. 

REST  EXPERIMENTS. 

Bays. 

Calories. 

Calories. 

Calories. 

Perct. 

7  experiments  with  E.  0  

25 

66, 700 

56, 467 

—233 

—0.2 

1  experiment  with  A.  W.  S  

3 

6,912 

6, 837 

-  75 

-  .9 

3  experiments  with  J.  F.  S  

9 

19, 059 

19, 226 

+167 

+  .9 

1  experiment  with  J.  C.  W  

4 

9,430 

9, 588 

+158 

+1.7 

Total  12  experiments  with  4  subjects  . 

41 

92  101 

92  118 

+  17 

- 

WORK  EXPERIMENTS. 

2  experiments  with  E.  0  

8 

30, 919 

30, 631 

-288 

-  .9 

4  experiments  with  J.  F.  S  

12 

42, 566 

42, 484 

-  82 

-  .2 

14  experiments  with  J.  C.  W  

46 

235, 497 

235, 507 

+  10 

Total  20  work  experiments  with  3  subjects  

66 

308, 982 

308, 622 

-360 

-  .1 

Total  32  rest  and  work  experiments  with  4  subjects  .. 

107 

401, 083 

400, 740 

-343 

-  .1 

Special  diet. 

REST  EXPERIMENTS. 

6  experiments  with  E.  0  

17 

39, 313 

39, 424 

+111 

+  .3 

3  experiments  with  A.  W.  S  

6 

13,851 

14, 139 

+288 

+2.1 

3 

6,373 

6,  370 

-  3 

Total  10  experiments  with  3  subjects  

26 

59, 537 

59, 933 

+396 

+  .7 

WORK  EXPERIMENTS. 

1  experiment  with  E.  0  

4 

15, 688 

15, 710 

+  22 

+  .1 

6 

21,497 

21, 309 

-188 

-  .9 

Total  3  experiments  with  2  subjects  

10 

37, 185 

37, 019 

-166 

-  .4 

Total  13  rest  and  work  experiments  with  3  subjects  .. 

36 

96, 722 

97,  012 

+290 

+  .3 

All  diets. 

Total  45  rest  and  work  experiments  with  4  subjects  .. 

143 

497, 805 

497, 752 

-  53 

In  the  average  of  the  12  rest  experiments  with  ordinary  food  cov- 
ering 41  days,  the  sum  total  of  the  figures  of  daily  income  is  92,101 
and  for  outgo  92,118,  so  that  when  the  averages  per  day  are  found  by 
dividing  these  numbers  by  41,  omitting  fractions  of  a  calorie,  the 
figures  for  the  two  are  the  same,  namely,  2,246  calories.  A  similar 
identity  is  found  in  the  work  experiments  with  J.  C.  W.,  for  in  the 
average  of  all  the  experiments  (32  covering  107  days),  with  ordinary 
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diet,  the  daily  income  is  3,748  and  the  outgo  3,745  calories,  making  a 
difference  of  3  calories  or  less  than  0.1  per  cent  of  the  whole. 

In  the  experiments  with  special  diet  the  average  daily  outgo  exceeded 
the  income  by  15  calories,  in  the  work  experiments  it  fell  short  by  17 
calories,  in  the  average  of  both  work  and  rest  experiments  (18 
covering  36  days)  there  was  an  excess  of  8  calories  or  0.3  per  cent  of 
the  whole.  The  difference  in  all  the  experiments  is  55  calories  in 
nearly  500,000,  or  about  1  in  10,000,  and  in  those  with  J.  C.  W.,  which 
were  the  latest  experiments,  and  are  believed  to  be  more  satisfactory 
than  those  previously  made,  it  was  about  1  in  20,000.  It  is  clear  that 
with  increase  in  experience  and  in  the  number  of  experiments  the  total 
averages  of  income  and  outgo  approach  each  other  more  nearly,  and 
that  the  grand  totals  may  be  regarded  as  identical. 

Of  course  such  discrepancies  as  have  been  pointed  out  are  far  within 
the  limits  of  experimental  error  and  physiological  uncertainty.  As 
was  said  in  a  similar  summary  in  a  previous  publication  of  this  series, a 
the  agreement  of  average  results  is  much  closer  than  was  originally 
hoped  for,  and  it  is  by  no  means  certain  that  future  averages  will  show 
so  exact  a  balance. 

The  electrical  and  alcohol  check  tests  described  earlier  (pages  31-39) 
show  that  the  measurements  of  energy  by  the  apparatus,  though  sub- 
ject to  minor  errors  in  short  periods,  become  nearly  exact  when  several 
tests  are  averaged.  Thus  in  the  average  of  the  tests  made  by  burning 
alcohol  within  the  apparatus,  the  quantity  of  heat  mea'sured  was  almost 
exactly  100  per  cent  of  the  amount  calculated  to  be  given  off  by  the 
combustion  of  the  alcohol;  and  a  corresponding  close  agreement  was 
found  between  the  quantity  of  heat  generated  electrically  within  the 
chamber  and  that  measured  by  the  calorimeter.  It  thus  seems  certain 
that  the  respiration  calorimeter  itself  is  an  apparatus  of  precision. 
The  results  reached  by  its  aid  are  fully  as  accurate  and  reliable  as 
those  ordinarily  obtained  in  the  use  of  what  are  considered  well- 
developed  forms  of  apparatus  and  methods  in  the  chemical  laboratory. 
They  are  not  equal  in  refinement  to  those  used  in  the  most  accurate 
determinations  of  atomic  weights,  they  do  not  compare  with  the  best 
physical  measurements,  nor  are  they  yet  by  any  means  perfected 
as  agencies  for  the  special  forms  of  research  for  which  they  were 
intended.  The  errors  found  in  the  results  of  individual  tests  are 
much  larger  and  more  numerous  than  is  to  be  desired,  and  attempts 
toward  improvement  are  constantly  being  made.  Indeed,  much  more 
labor  has  been  given  to  the  development  and  testing  of  apparatus  and 
methods  during  the  past  eleven  years  than  to  actual  experiments  with 
men,  and  much  more  will  have  to  be  done  in  coming  years  to  the  same 
end.   The  direct  determination  of  the  amount  of  oxygen  used  in  metab- 
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olism  is  one  of  the  problems  which  especially  needs  solving,  and  it  has 
now  been  taken  up.  But  so  far  as  the  measurements  of  the  energj^ 
given  off  from  the  body  in  the  forms  of  heat  and  the  heat  equivalent 
of  muscular  work  are  concerned  the  apparatus  serves  its  purpose 
very  well.  This  means  that  the  net  outgo  of  energy  is  measured  with 
reasonable  accuracy,  especially  when  the  results  for  long  periods  are 
available. 

The  same  may  be  said  of  the  determinations  with  the  bomb  calori- 
meter as  developed  and  used  in  this  laboratory  for  the  measurement  of 
the  potential  energy  of  food  and  unoxidized  excreta.  This  factor  of  the 
net  income  of  energy  is  certainly  reliable.  The  other  factors  of  net 
income  are  less  certain  because  of  the  possible  sources  of  error  on  the 
physiological  side,  to  which  reference  has  been  frequently  made  in  these 
discussions.  It  seems  probable  that  the  chief  of  these  uncertainties  are 
those  due  to  (1)  the  amounts  of  material  in  the  alimentary  canal,  which 
may  vary  considerably  from  day  to  day  at  7  a.  m.  when  the  experiments 
begin  and  end;  (2)  the  possible  error  in  assumed  composition  of  protein 
and  fats  gained  or  lost  in  the  body,  though  this  error  is  probably  small, 
and  (3)  the  variations  in  the  proportions  of  carbohydrates  (glycogen) 
in  the  body  which  are  not  definitely  measured  in  these  experiments. 
The  direct  determination  of  oxygen,  which  by  means  of  improvements 
and  recent  appliances  to  the  respiration  calorimeter  is  being  made  in 
experiments  subsequent  to  those  here  reported,  will,  it  is  hoped,  help 
to  remove  this  latter  difficulty  in  future  work.  Meanwhile  it  seems 
safe  to  say  that  in  the  investigations  here  summarized  the  length  of 
the  experimental  periods  and  the  repetitions  of  the  experiments  with 
the  same  subject  and  with  different  subjects,  and  the  number  of  results 
included  in  the  averages,  give  to  the  latter  an  authority  that  can  not 
well  be  disputed.  It  seems  fair  to  assume,  therefore,  that  the  figures 
for  income  of  energy  as  summarized  in  Table  107  are  not  far  from 
correct. 

It  is  probably  useless  to  hope  that  the  transformations  of  matter 
and  energy  in  the  body  will  ever  be  measured  with  the  accuracy  of 
chemical  and  physical  processes  in  the  laboratory,  especially  in  indi- 
vidual experiments  of  short  duration.  Certainty  and  exactitude  must 
be  sought  in  repeated  and  long  continued  series.  This  statement 
applies  to  comparisons  of  income  and  outgo  of  energy.  The  net  outgo 
may  be  measured  exactly  with  the  respiration  calorimeter,  but  the  net 
income  is  influenced  by  physiological  factors  for  which  there  is  little 
hope  of  exact  determination  except  with  aid  of  "the  might  of  average 
figures"  from  numerous  experiments.  But  with  such  repetitions  rea- 
sonably close  results  can  be  obtained.  It  would  seem  that  this  con- 
summation has  been  approached  if  not  attained  in  the  experiments 
with  men  above  described. 
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The  agreement  of  the  totals  and  averages  of  income  and  outgo  of 
energy  in  the  different  classes  of  experiments  as  shown  in  Table  107 
can  hardly  be  without  significance.  Reduced  to  their  simplest  terms, 
the  results  of  these  experiments  show  that  the  energy  given  off  from 
the  body  in  the  two  forms  of  heat  and  external  muscular  work 
equals  the  potential  energy  of  the  materials  oxidized.  The  natural 
inference  is  that  practically  all  the  energy  transformed  in  the  body 
appears  as  heat  or  heat  and  external  work.  Two  possibilities  stand  in 
the  way  of  the  acceptance  of  these  results  as  a  positive  demonstration 
of  the  conservation  of  energy  in  these  experiments  and  the  natural 
corollary  that  it  must  obtain  generally  in  the  living  organism.  The 
first  is  that  the  measurements  of  energy  may  have  been  inaccurate. 
As  regards  this  enough  has  been  said  to  show  the  great  improbability 
of  any  considerable  error  in  the  measurements  of  either  income  or 
outgo.  The  other  is  that  some  form  of  kinetic  energy  concerned  in 
the  transformations  may  have  escaped  measurement.  If  there  be  such 
it  must  have  belonged  to  the  outgo.  The  question  then  is,  Was  any 
form  of  kinetic  energy  other  than  heat  and  muscular  work  produced 
within  the  body  and  given  off  by  it  ? 

Light  and  electrical  energy  are  emitted  by  some  of  the  lower  ani- 
mals, but  it  can  hardly  be  assumed  that  any  considerable  amount  of 
either  is  given  off  from  the  human  body  under  ordinary  conditions. 
It  has  been  suggested  that  intellectual  activity  and  nervous  tension 
may  be  manifestations  of  some  special  forms  of  physical  energy,  the 
character  of  which  is  not  yet  understood.  If  such  be  the  case  any 
energy  which  is  due  to  internal  mental  or  nervous  work  must  be  trans- 
formed within  the  body,  and  unless  retained  by  some  form  of  storage 
of  which  we  have  no  conception  it  must  be  eliminated.  It  might  be 
transformed  into  heat  and  leave  the  body  in  that  form  as  is  the  case 
with  the  energy  of  internal  muscular  work;  in  that  case  it  would  be 
measured  with  the  other  heat  given  off  from  the  body,  or  it  might  be 
eliminated  in  some  other  form  unknown  to  us.  In  that  case  it  must 
either  pass  through  the  copper  wall  of  the  respiration  chamber  with- 
out being  changed  to  heat  or  it  must  have  been  changed  to  heat  and 
measured,  provided  the  quantity  was  large  enough  for  measurement. 
In  other  words,  the  quantity  must  either  have  been  extremely  minute 
or  it  must  be  something  the  nature  of  which  physical  research  has  not 
revealed. 

The  theory  has  been  lately  advanced  that  the  body  emits  some  form 
of  energy  in  which  rays  of  great  wave  length  are  concerned  and  recent 
discoveries  and  conjectures  regarding  such  forms  of  energy  are  of  a 
kind  to  incite  if  not  encourage  such  speculative  hypotheses;  but  here 
again  any  acceptance  of  the  common  views  regarding  the  laws  of 
physical  energy  compels  the  assumption  that  if  energy  of  this  sort  is 
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emanated  from  the  body,  the  whole  amount  must  be  at  most  very 
slight  and  the  quantity  that  could  pass  the  copper  walls  of  the  calori- 
meter in  the  experiments  reported  without  being  measured  as  heat 
must  be  not  only  within  the  limits  of  experimental  error  but  also  too 
small  for  measurement  by  any  ordinary  means. 

The  conclusion  is  that  if  the  law  of  the  conservation  of  energy  did 
not  obtain  completely  in  these  experiments  the  variations  from  it  have 
been  far  too  small  to  bear  any  comparison  with  the  total  energy  trans- 
formed, and  making  all  allowance  for  errors,  etc.,  the  experiments  may 
be  fairly  said  to  demonstrate  that  the  law  of  the  conservation  of  energy 
held  good  as  regards  the  men  who  were  studied.  For  practical  pur- 
poses we  are  therefore  warranted  in  assuming  that  the  law  obtains  in 
general  in  the  living  organism,  as  indeed  there  is  every  reason  a  priori 
to  believe  that  it  must 
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The  data  from  which  the  tables  in  the  preceding  chapters  are  derived  are  given  in 
detail  in  Tables  109-127,  which  follow.  The  order  of  sequence  of  the  experiments 
and  their  general  character  and  classification  are  shown  in  the  chronological  list 
given  on  page  101. 

COMPOSITION  OF  FOOD  MATERIALS,  FECES,  AND  URINE. 

The  figures  for  the  analyses  of  the  food  materials  and  feces  of  the  experiments 
here  reported  are  given  in  Tables  109  and  110.  The  data  for  the  elementary  compo- 
sition of  the  feces  in  all  the  metabolism  experiments  are  summarized  in  Tables  111 
and  112.  The  methods  of  analysis  are  mainly  those  adopted  by  the  Association  of 
Official  Agricultural  Chemists,  with  such  modifications  as  have  been  found  necessary 
or  desirable. 

Table  109. — Composition  of  food  materials  used  in  metabolism  experiments  Nos.  35-55. 


Labo- 
ratory 
No. 

Food  materials. 

Experiment 
No. 

Nitro- 
gen. 

Car- 
bon. 

Hy- 
dro- 
gen. 

Water. 

Pro- 
tein. 

Fat, 

Carbo- 
hy- 
drates. 

Ash. 

Heat 
of 

com- 
bus- 
tion 
per 

gram. 

P.  ct. 

P.  ct. 

P.ct. 

P.  ct. 

P.  ct. 

P.ct. 

P.ct. 

P.ct. 

Cats. 

3241 

Beef  

35 

5.62 

20.05 

2.90 

61.2 

35.1 

3.1 

1.0 

2.269 

3251 

 do  

37-38 

5.46 

19. 95 

2.89 

61.3 

34.1 

2.8 

.9 

2.  249 

3263 

 do  

37-38 

5. 26 

19.23 

2.82 

63.3 

32.9 

2.7 

.9 

2. 128 

3296 

 do  

40-41 

5.44 

19.66 

2. 81 

61.8 

34.0 

2.9 

.9 

2.200 

3309 

 do  

43^5 

5.26 

19. 24 

2.82 

62.9 

32.9 

2.9 

2.162 

3340 

 do  

46-48 

5.39 

19. 53 

2.90 

62.1 

33.7 

2.8 

1.0 

2.192 

3242 

Butter  

35 

.30 

63.10 

10.00 

10.5 

1.9 

84.6 

3.1 

7. 751 

3253 

 do  

37-38 

.30 

62.  58 

9.93 

12. 2 

1.4 

84.3 

2.1 

7.718 

3298 

 do  

40-41 

.22 

63.  71 

10.23 

10.3 

1.4 

86.0 

2.3 

7.909 

3310 

 do  

43-45 

.19 

62.86 

10.32 

11.1 

1.2 

85.0 

2.7 

7.874 

3341 

 do  

46-48 

.20 

65.  71 

7.67 

8.6 

1.2 

87.4 

2.8 

8. 084 

3418 

 do  . 

49-50 

.22 

65. 03 

10.40 

9.0 

1.4 

87.6 

2.0 

8. 070 

3431 

 do  

52-55 

.21 

65.38 

10.34 

9.0 

1.3 

86.9 

2.8 

8.110 

3252 

Deviled  ham  

38 

2.46 

39.21 

6. 15 

38.5 

15.4 

41.3 

4.1 

4.  741 

3244 

Milk  

35 

.60 

7. 97 

1. 17 

85.5 

3.8 

5.3 

4.7 

.7 

.903 

3255 

 do  

37 

.56 

8. 53 

1.23 

84.8 

3.5 

5.5 

5.5 

.7 

.944 

3262 

 do  

38 

.56 

8. 20 

1.23 

84.9 

3.5 

5.0 

5.9 

.7 

.912 

3300 

 do  

40 

.60 

7. 94 

1.18 

85.1 

3.9 

5.2 

5.3 

.7 

.923 

3301 

 do  

41 

.59 

8.02 

1.24 

85.3 

3.7 

5.3 

5.0 

.7 

.911 

3312 

.....do  

43 

.62 

7.97 

1.25 

84.8 

3.9 

5.5 

5.1 

.7 

.920 

3313 

 do  

44 

.61 

8.27 

1.28 

84.3 

3.8 

5.6 

5.6 

.7 

.940 

3319 

 do  

45 

.64 

8. 35 

1.26 

84.3 

4.0 

5.3 

5.7 

.7 

.915 

3343 

 do  

46 

.62 

7.69 

1.20 

85.5 

3.9 

5.5 

4.4 

.7 

.860 

3344 

 do  

47 

.62 

7. 86 

1.21 

85.2 

3.9 

5.0 

5.2 

.7 

.881 

203 

204 


Table  109. — Composition  of  food  materials  used  in  metabolism  experiments  Nos. 

35-55 —  Continued . 


Labo- 
ratory 
No. 

Food  materials. 

Experiment 
No. 

Nitro- 
gen. 

Car- 
bon. 

Hy- 
dro- 
gen. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 

hv- 
drates. 

Ash. 

P.ct. 

P.ct. 

P.  ct. 

P.ct. 

P.  ct. 

P.  ct. 

P.ct. 

P.ct. 

OiHO 

Milk 

48 

0  62 

8  50 

1.17 

85  2 

3  9 

5  4 

0. 7 

3424 

.  CIO  

49-50 

65 

8  09 

i  on 

en  n 
of),  u 

4. 1 

5. 0 

5. 2 

.  7 

3436 

.  QO  

no 

.  ou 

7  60 

1.16 

85.  6 

3.  7 

4. 9 

5. 0 

.  8 

3437 

 do  

53 

.  58 

7. 53 

1. 16 

85.  8 

3. 6 

5. 1 

4.  7 

.  8 

3438 

 do  

54-55 

.61 

8.  04 

1.22 

84.7 

3.8 

5.8 

4.9 

.8 

3440 

Cream   

52 

.41 

19. 06 

2.95 

70.0 

2.6 

21.5 

5.3 

.6 

3441 

 do  

54-55 

.46 

20.31 

3. 16 

68.0 

2.9 

23. 1 

5.4 

.6 

Beef  tea  

50 

.21 

.24 

.05 
.03 

99.1 

.6 

.3 

 do  

51 

.13 

.15 

99.4 

.4 

.2 

 do  

51 

.21 

.24 

.05 
.03 

99.1 

.6 

.3 

 do  

55 

.14 

.16 

99.4 

.4 

.2 

3245 

Bread  

35 

1.30 

27. 51 

4. 08 

41.3 

7.4 

4.0 

46.4 

.9 

3256 

 do  

37-38 

1.26 

26. 52 

3. 83 

42.7 

7.2 

2.3 

46.9 

.9 

3302 

 do  

40-41 

1.29 

25. 27 

3.68 

43.5 

7.4 

1.2 

46.9 

1.0 

3314 

 do  

43-45 

1.42 

25. 91 

3. 87 

42.5 

8.1 

1.1 

47.3 

1.0 

3346 

 do  

46-48 

1.27 

26. 08 

3. 68 

42.6 

7.2 

1.6 

47.7 

.9 

3419 

 do  

49-50 

1.50 

26.15 

3. 84 

41.6 

8.6 

1.8 

46.7 

1.3 

3432 

 do  

52 

1.46 

25. 83 

3.81 

43.1 

8.3 

1.5 

46.1 

1.0 

3433 

 do  

53-55 

1.50 

26. 60 

3. 92 

41.6 

8.5 

1.7 

47.2 

1.0 

3247 

Ginger  snaps . . 

35-38 

.99 

42.23 

6. 13 

6.7 

5.6 

7.1 

78.4 

2.2 

3305 

 do  

40-48 

1.05 

42. 90 

6.64 

4.0 

6.0 

5.6 

82.0 

2.4 

3420 

 do  

49-55 

1.08 

42. 62 

6.  37 

5.5 

6.2 

6.3 

-  78.8 

3.2 

32o7 

Graham  crackers. 

61 

1  In 
JL.  IV 

45  9'^ 

6. 80 

o.  3 

b.  0 

10.  2 

11.  2 

i 

1. 3 

3303 

do 

40,41,44,47 

1.56 

45. 37 

6.69 

2.7 

8.9 

10. 9 

74.6 

2. 9 

3422 

 do  

49,52-55 

1.37 

44. 90 

6.82 

3.2 

7.8 

11. 6 

74.7 

2.  7 

3246 

Shredded  wheat.. 

35, 37, 38 

1.68 

40.93 

5.  75 

8.2 

9.6 

1. 4 

79.4 

1. 4 

3304 

 do  

40,  41,43-45 

1. 80 

41.74 

6.35 

6. 2 

10. 3 

1.  6 

80.4 

1. 5 

3347 

 do  

46-48 

1. 75 

41.46 

6.41 

8.0 

10. 0 

1.  3 

79.5 

1.  2 

3421 

do 

jq       f\0  ^ 

1  84 

40  86 

^  0.9 

o.  »o 

a  n 
o.  u 

10  5 

1.  O 

7ft  O 
lo.  A 

2.  0 

3321 

Cereal  coffee  

43-45 

.01 

.33 

.05 

99.3 

.1 

.6 

3348 
3425 
3434 

 do  

46-48 
49-50 
52-55 
35-55 
35-55 

.01 
.01 
.01 

.47 
.30 
.29 
42.10 
40.00 

.07 
.04 
.04 
6.48 
6.15 

98.9 
99.3 
99.3 

.1 
.1 
.1 

1.0 
.6 
.6 
100.0 
94.9 

 do  

 do  

Cane  sugar  

3258 

5.1 
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Table  110. — Composition  of  feces  in  metabolism  experiments  Nos.  35-55. 


Labo- 
ratory 
No. 

Expe- 
ri- 
ment 
No. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Water. 

Pro- 
tein. 

Fat. 

Carbo- 

hy- 
drates. 

Ash. 

Heat  of 
com- 
bus- 
tion 
per 
gram. 

Per  ct 

Per  ct 

Per  ct 

Per  ct 

Per  ct 

Perct 

Per  ct 

Perct 

l^UjVtJI  too. 

3^49 

FGC6S 

35 

1. 14 

10.10 

1.44 

78.6 

7.1 

4. 1 

6. 4 

3. 8 

1.  114 

3260 

 do 

37 

1. 43 

11. 25 

1.58 

76. 5 

8.9 

3.8 

7. 2 

3. 6 

1. 220 

3261 

 (J0  

38 

.  94 

11.42 

1.68 

76.4 

5.9 

5.8 

6.5 

5.4 

1.297 

3307 

do 

40 

1. 32 

10. 77 

1. 52 

77.4 

8. 2 

3. 5 

7.8 

3. 1 

1. 178 

3308 

 do  

41 

.  79 

11.  39 

1.  71 

78. 4 

5. 0 

6. 6 

5. 9 

4. 1 

1. 346 

3316 

 (JO  

43 

.88 

8.  98 

1;  33 

82. 4 

5.5 

3.4 

3.2 

1. 016 

3317 

 (JO  

44 

1. 24 

8. 75 

1.21 

81.6 

7.8 

2.0 

6.  2 

2. 4 

.  950 

3320 

do 

45 

.81 

8.63 

1.26 

83.3 

5.0 

3.0 

5.8 

2.  9 

.  994 

3350 

_  _(J0  1. 

46 

.  78 

8.  70 

1.23 

83. 4 

4.9 

5.  0 

3. 7 

3.0 

.  988 

3351 

__(J0  

47 

1.15 

8. 35 

1. 16 

82.7 

7.2 

1. 6 

6. 3 

2. 2 

.  887 

3352 

 do  

48 

.78 

10. 14 

1.47 

80.5 

4.9 

5.6 

5. 5 

3.5 

1. 172 

3428 

 do  

49 

.97 

8. 06 

1.11 

82.9 

6.1 

2.1 

6.0 

2.  9 

.839 

3429 

 do  

50 

.94 

9.70 

1.42 

80.5 

5.9 

3.7 

6.0 

3.9 

1.114 

3443 

 do  

52 

.63 

8. 43 

1.24 

84.0 

4.0 

2.6 

6.1 

3.3 

.973 

3444 

.....do  

53 

.88 

7. 95 

1.10 

83.7 

5.5 

2.5 

5.7 

2.6 

.860 

3445 

 do  

54-55 

.  77 

10.07 

1.47 

80.5 

4.8 

3.4 

7.5 

3.8 

1.168 

Table  111. — Composition  of  feces  in  metabolism  experiments  Nos.  5-55. 


Subject  and  kind  of  experiment. 

Water-free  substance. 

Water  and  ash  free  substance. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  (by 
difference). 

Ash. 

Energy  per 
gram. 

Nitrogen. 

Carbon. 

Hydrogen. 

>>  • 
OTi 

Energy  per 
gram. 

Subject  E.  O. 

P.  ct. 

P.  ct. 

P.  ct. 

P.  ct. 

P.  ct. 

Cals. 

P.  ct. 

P.  ct. 

P.  ct. 

P.  Ct. 

Cats. 

Experiment  No.  5,  fat  diet,  rest . . 

6.01 

50. 18 

6. 74 

18.85 

18. 22 

5. 220 

7.  35 

61.36 

8.24 

23. 05 

6.381 

Experiment  No.  6,  fat  diet,  work. 

49.  75 

7.34 

19.80 

17. 08 

5.578 

7.27 

60. 00 

8.85 

23.88 

6.728 

Experiment  No.  7,  special  diet, 

rest  

6.27 

46.34 

6.10 

23.87 

17. 42 

5.  279 

7. 60 

56.12 

7.38 

28.90 

6.393 

Experiment  No.  8,  carbohydrate 

diet,  rest  

5.82 

49. 19 

6.  74 

19.  65 

18.  60 

5. 430 

7.14 

60.43 

8.29 

24. 14 

6.  671 

Experiment  No.  9,  carbohydrate 

diet,  rest  

4. 35 

46.48 

6.44 

26.  20 

16.53 

4. 953 

5.21 

55.68 

7.72 

31.39 

5.  934 

Experiment  No.  10,  special  diet, 

rest  

5. 40 

46.37 

6.29 

25. 24 

16.70 

4.  990 

6.49 

55.66 

7. 55 

30.30 

5.  991 

Experiment  No.   11,  carbohy- 

drate diet,  work  

5. 45 

48.79 

6. 79 

24. 43 

14.54 

5. 303 

6.38 

57. 10 

7.94 

28. 58 

6.206 

Experiment  No.  12,  special  diet, 

work  

5. 22 

50. 42 

7.10 

20. 56 

16.70 

5. 689 

6. 27 

60. 53 

8.  52 

24. 68 

6.830 

Experiment  No.  13,  carbohy- 

drate diet,  rest  

4.  92 

49. 78 

7.15 

12.  82 

25. 33 

5. 589 

6.59 

66.66 

9.58 

17.17 

7.485 

Experiment  No.  14,  carbohy- 

drate diet,  rest  

6.02 

52. 21 

7. 08 

20.  53 

14. 16 

5. 806 

7.01 

60.82 

8.25 

23. 92 

6.764 

Experiments  Nos.  15-17,  special 

diet,  rest  :  

5. 00 

46.80 

6.50 

17. 70 

24.00 

5. 280 

6.58 

61.58 

8.55 

23. 29 

6.948 

Subject  A.  W.  S. 

Experiments  Nos.  18-21,  special 

diet,  rest  

5. 89 

51. 27 

7.03 

18. 70 

17.11 

5.  735 

7.11 

61.86 

8.48 

22.55 

6.920 

Subject  E.  O. 

Experiments  Nos.  22-23,  special 

diet,  rest  

5. 20 

46. 98  ' 

6. 73 

18.13 

22.  96 

5.  241 

6. 75 

60.98 

8.  74 

23.53 

6.  803 

Experiment  No.  24,  carbohy- 

drate diet,  rest  

5.  95 

47.87 

6.  86 

19. 50 

19.  82 

5.290 

7.41 

59.  70 

8.56 

24.33 

6.597 
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Table  111. — Composition  of  feces  in  metabolism  experiments  Nos.  5-55 — Continued. 


Subject  and  kind  of  experiment. 


Water-free  substance. 


Water  and  ash  free  substance. 


Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  (by 
difference). 

Ash. 

Energy  per 
gram. 

Nitrogen. 

Carbon. 

Hydrogen. 

Oxygen  (by 
difference). 

Energy  per 
gram. 

P.ct. 

P.  ct. 

P.  ct. 

P.ct. 

P.ct. 

Cats. 

P,  ct. 

P.ct. 

P.ct. 

P.ct. 

Cats. 

4. 42 

44.20 

6.56 

20. 43 

24.39 

5. 061 

5.85 

58.46 

8. 67 

27. 02 

6.  694 

5.04 

43. 20 

5.19 

22. 14 

24. 43 

4.840 

6.67 

57. 17 

6.87 

29. 39 

6.404 

4. 94 

40. 12 

3.59 

24. 10 

27. 25 

4.372 

6.79 

55. 15 

4. 94 

33. 12 

6.009 

5.  72 

46.  22 

6.18 

21.79 

20. 09 

5. 178 

7.16 

57. 83 

7.74 

27.27 

6.480 

4. 88 

46.90 

6.75 

22.  70 

18.77 

5. 235 

6.00 

57. 74 

8. 31 

27.95 

6.444 

4.87 

46.  96 

6.57 

22. 14 

19.46 

5. 158 

6.04 

58.30 

8.16 

27.50 

6. 405 

4.62 

46. 73 

6.54 

20.  96 

21.15 

5. 231 

5. 85 

59. 28 

8. 29 

26.58 

6. 634 

4. 58 

47.97 

7.00 

21.37 

19.08 

5. 408 

5. 66 

59. 28 

8. 65 

26.41 

6. 682 

4.67 

45. 60 

6. 67 

21.73 

21.33 

5. 000 

5.93 

57. 97 

8. 47 

27. 63 

6.  356 

4. 60 

45.66 

6.45 

22. 24 

21.05 

4.961 

5. 83 

57. 84 

8.17 

28.16 

6.284 

5.  79 

47. 17 

6. 74 

22. 57 

17.73 

5. 201 

7. 04 

57. 33 

8. 19 

27.44 

6. 322 

6.47 

47.85 

6.78 

23. 50 

15. 40 

5.196 

7.  65 

56.  56 

8.01 

27.78 

6.141 

4.31 

48.  39 

7.09 

17.77 

22. 44 

5. 494 

5.  55 

62.39 

9. 14 

22.92 

7. 084 

6.16 

47.67 

6. 73 

25. 84 

13.60 

5. 211 

7.13 

55. 18 

7. 79 

29.90 

6.032 

3.  91 

52. 74 

7. 89 

16.58 

18. 88 

6. 238 

4. 82 

65. 01 

9.73 

20.44 

7. 690 

5. 28 

51. 07 

7.53 

18. 09 

18. 03 

5. 776 

6.44 

62. 30 

9.19 

22. 07 

7.047 

6  97 

47.  60 

6.58 

25. 97 

12. 88 

5. 166 

8.02 

54. 63 

7.55 

29. 80 

5. 930 

5. 12 

51. 62 

7.44 

19.54 

16. 28 

5. 954 

6.11 

61.66 

8.89 

23. 34 

7.  Ill 

5.00 

52. 40 

7.42 

17. 14 

18. 04 

5.954 

6.10 

63.94 

9. 06 

20. 90 

7.265 

6.92 

48.26 

6.  73 

25. 16 

12. 93 

5. 143 

7.95 

55. 42 

7.73 

28. 90 

5. 907 

4.28 

52. 03 

7.50 

19. 06 

17. 13 

5. 996 

5. 17 

62.79 

9.04 

23.00 

7.236 

5. 95 

47.13 

6.49 

23. 43 

17.00 

4. 900 

7.17 

56. 78 

7.81 

28. 24 

5. 904 

5. 27 

49. 68 

7.28 

17.68 

20. 09 

5.  714 

6.59 

62.18 

9. 11 

22. 12 

7.151 

4. 18 

52. 72 

7.73 

14.  75 

20. 62 

6.080 

5. 26 

66.40 

9.75 

18.59 

7.660 

5.  65 

48.  79 

6.  77 

22. 82 

15. 97 

5. 274 

6.72 

58.06 

8.06 

27. 16 

6. 276 

4. 20 

51.  70 

7.  55 

17.07 

19.48 

5. 993 

5. 22 

64. 21 

9.  37 

21. 20 

7.443 

5. 33 

48, 38 

6.71 

20. 79 

18.79 

5.377 

6.54 

59.58 

8.34 

25.54 

6. 623 

Subject  J.  F.  S. 

Experiment  No,  25,  carbohy- 
drate diet,  rest  

Experiment  No.  26,  fat  diet,  rest 

Experiment  No.  27,  special  diet, 
rest  

Experiment  No.  28,  carbohy- 
drate diet,  rest  

Experiment  No.  29,  carbohy- 
drate diet,  work  

Experiment  No.  30,  special  diet, 
work  

Experiment  No.  31,  fat  diet, 
work  

Experiment  No.  32,  fat  diet, 
work  

Experiment  No.  33,  special  diet, 
work  -  

Experiment  No.  34,  carbohy- 
drate diet,  work  

Subject  J.  C.  W. 

Experiment  No.  35,  carbohy- 
drate diet,  rest  

Experiment  No.  37,  carbohy- 
drate diet,  work  

Experiment  No.  38,  fat  diet, 
work  

Experiment  No.  40,  carbohy- 
drate diet,  work  

Experiment  No.  41,  fat  diet, 
work  

Experiment  No.  43,  fat  diet, 
work  

Experiment  No.  44,  carbohy- 
drate diet,  work  

Experiment  No.  45,  fat  diet, 
work  

Experiment  No.  46,  fat  diet, 
work  

Experiment  No.  47,  carbohy- 
drate diet,  work  

Experiment  No.  48,  fat  diet, 
work  

Experiment  No.  49,  carbohy- 
drate diet,  work  

Experiment  No.  50,  fat  diet, 
work  

Experiment  No.  52,  fat  diet, 
work  

Experiment  No.  53,  carbohy- 
drate diet,  work  

Experiments  Nos.  54  and  55,  fat 
diet,  work  

Average  of  all  experiments  
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Table  112. — Amounts  of  carbon,  oxygen,  and  hydrogen,  total  organic  matter  and  energy, 
corresponding  to  1  gram  of  nitrogen,  and  energy  per  gram  of  carbon  in  feces,  metabolism 
experiments  Nos.  5-55. 


Amounts  per  gram 

of  nitrogen. 

Oxy- 
differ- 

Energy 

Subject  and  kind  of  experiment. 

Car- 
bon. 

TTyd  to- 
gen. 

Organ- 
ic mat- 
ter. 

Energy. 

per  gram 

of 
carbon. 

ence). 

Grams. 

Grams. 

Gravis. 

Grams. 

Calories. 

Calories. 

Experiment  No.  5,  fat  diet,  rest  

8. 348 

1.121 

3. 136 

13. 605 

86 

82 

10 

40 

Experiment  No.  6,  fat  diet,  work  

8. 250 

1.217 

3.283 

13.  750 

92 

50 

11 

21 

Experiment  No.  7,  special  diet,  rest  

7.389 

.972 

3. 806 

13. 167 

84 

17 

11 

39 

Experiment  No.  8,  carbohydrate  diet,  rest  

8. 460 

1. 160 

3. 380 

14. 000 

93 

40 

11 

04 

Experiment  No.  9,  carbohydrate  diet,  rest  

10. 680 

1.480 

6.020 

19. 180 

113 

80 

10 

66 

Experiment  No.  10,  special  diet,  rest  

8.582 

1.164 

4.  673 

15. 419 

92 

37 

10 

76 

Experiment  No.  11,  carbohydrate  diet,  work  

8.944 

1. 244 

4. 478 

15. 666 

97 

22 

10 

87 

9.  660 

1.360 

3. 940 

15. 960 

109 

00 

11 

28 

Experiment  No  13  carbohydrate  diet  rest 

10. 121 

1. 455 

2. 606 

15  182 

113 

65 

11 

23 

Experiment  No.  14,  carbohydrate  diet,  rest  

8.676 

1.177 

3. 412 

14. 265 

96 

47 

11 

12 

Experiment  Nos.  15-17,  special  diet,  rest  

9. 360 

1.300 

3. 540 

15. 200 

105 

60 

11 

28 

Subject  A.  W.  S. 

8.700 

1.194 

3. 172 

14. 066 

97 

32 

11 

19 

Subject  E.  0. 

Experiment  Nos.  22-23,  special  diet,  rest  

9. 030 

1.294 

3. 485 

14. 809 

100 

74 

11 

1  (i 

Experiment  No.  24,  carbohydrate  diet,  rest  

8. 052 

1.154 

3.282 

13. 488 

88 

11 

05 

Subject  J.  F.  S. 

Experiment  No.  25,  carbohydrate  diet,  rest  

10. 000 

1. 483 

4.621 

17. 104 

114 

50 

11 

45 

Experiment  No.  26,  fat  diet,  rest  

8.576 

1.030 

4. 394 

15. 000 

96 

06 

11 

20 

8  120 

727 

4  879 

14  7^6 

88 

48 

10 

90 

Experiment  No.  28,  carbohydrate  diet,  rest  

8.  081 

1.081 

3.811 

13. 973 

90 

54 

11 

20 

Experiment  No.  29,  carbohydrate  diet,  work  . . . 

9.  616 

1.385 

4.  654 

16. 655 

107 

30 

11 

16 

Experiment  No.  30,  special  diet,  work  

9.  650 

1.350 

4.550 

16. 550 

106 

00 

10 

99 

Experiment  No.  31,  fat  diet,  work  

10. 125 

1.417 

4. 542 

17. 084 

113 

34 

11 

19 

Experiment  No.  32,  fat  diet,  work  

10. 472 

1.  528 

4. 667 

17. 667 

118 

06 

11 

27 

Experiment  No.  33,  special  diet,  work  

9.772 

1.428 

4. 657 

16. 857 

107 

15 

10 

97 

Experiment  No.  34,  carbohydrate  diet,  work  

9.914 

1.  400 

4. 829 

17. 143 

107 

72 

10 

87 

Experiment  No.  35,  carbohydrate  diet,  rest  

8. 143 

1. 163 

3.898 

14.  204 

89 

80 

11 

03 

Experiment  No.  37,  carbohydrate  diet,  work  

7.397 

1.048 

3. 635 

13. 080 

80 

32 

10 

86 

Experiment  No.  38,  fat  diet,  work  

11. 230 

1.646 

4. 125 

18. 001 

127 

50 

11 

35 

Experiment  No.  40,  carbohydrate  diet,  work  

7.745 

1. 093 

4.198 

14. 036 

84 

65 

10 

93 

Experiment  No.  41,  fat  diet,  work  

13. 483 

2. 017 

4.242 

20. 742 

159 

50 

11 

83 

Experiment  No.  43,  fat  diet,  work  

9. 672 

1.427 

3.427 

15.  526 

109 

40 

11 

31 

Experiment  No.  44,  carbohydrate  diet,  work  

6.816 

.942 

3.  719 

12. 477 

73 

98 

10 

85 

Experiment  No.  45,  fat  diet,  work  

10. 090 

1.455 

3.818 

16. 363 

116 

38 

11 

53 

TflynAn'm Ant  "NTa   A(\    "fctt  rHof  n*-rv-r»l7- 

10.488 

1.486 

3.431 

16. 405 

119 

18 

11 

37 

Experiment  No.  47,  carbohydrate  diet,  work  

6.  972 

.972 

3. 635 

12. 579 

74 

30 

10 

66 

Experiment  No.  48,  fat  diet,  work  

12. 150 

1. 750 

4.450 

19.  350 

140 

00 

11 

52 

Experiment  No.  49,  carbohydrate  diet,  work  

7.914 

1.089 

3.  936 

13. 939 

82 

30 

10 

40 

Experiment  No.  50,  fat  diet,  work  

9.432 

1.381 

3.356 

15. 169 

108 

49 

11 

50 

Experiment  No.  52,  fat  diet,  work  

12.  619 

1.851 

3.532 

19. 002 

145 

53 

11 

54 

Experiment  No.  53,  carbohydrate  diet,  work .... 

8.642 

1.200 

4. 043 

14.  885 

93 

42 

10 

81 

Experiment  Nos.  54-55,  fat  diet,  work  

12. 295 

1.794 

4. 059 

19. 148 

142 

50 

11 

59 

Average  of  all  experiments  

9. 229 

1.294 

3.927 

15. 450 

102 

73 

11 

14 
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Composition  of  urine. — Tables  113  and  114  give  the  results  of  analysis  of  the  urine  in 
experiments  Nos.  35-55,  inclusive.  The  urine  was  collected  in  four  periods,  and  the 
amount,  specific  gravity,  and  nitrogen  were  determined  for  each  period.  An  aliquot 
part  of  the  urine  for  each  period  was  taken  to  make  a  composite  for  the  day,  and  the 
nitrogen  and  the  heat  of  combustion  were  determined  for  the  daily  composite.  In 
the  same  way  a  composite  sample  of  urine  for  the  entire  period  of  4,  6,  9,  or  10  days 
was  made,  and  the  nitrogen,  carbon,  hydrogen,  water,  ash,  and  heat  of  combustion 
were  determined  in  this  latter  composite.  It  is  assumed  that  the  daily  elimination 
of  carbon,  hydrogen,"  and  total  solids  vary  directly  with  the  nitrogen,  and  the  calcu- 
lations are  made  upon  this  basis. 

The  statistics  regarding  the  elementary  composition  of  urine  in  all  the  metabolism 
experiments  are  given  in  Tables  115  and  116. 


Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods,  metabolism 
experiments  Nos.  35-55. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1900. 
Dec.  5-6  

6-  7  

7-  8  

8-  9  

9-  10 

10-  11 

11-  12 

Preliminary  to  experiment  No.  35. 

7  a.  m  to  1  p.  m  

I  p.  m  to  7  p.  m  

7  p  .m  to  11  p.  m  

II  p.  m  to  7  a.  m  

Total  

Grams. 
786.1 
/ou.  y 

1. 0300 
1  0*^90 

Per  cent. 
1. 96 
2. 05 

Grams. 
15. 41 
15. 39 

193.  9 
193.3 
152.  9 
255. 4 

i  nonr> 

i.  u~yu 
1. 0340 
1. 0340 
1. 0295 

1.92 
2.08 
2.00 
2. 13 

3.72 
4. 02 
3. 06 
5.44 

795.  5 

16.24 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

795. 5 

1. 0315 

2. 06 

16.39 

210. 2 
240.  5 
118.9 
252.7 

i.  uzyu 
1. 0320 
1.0315 
1. 0300 

1.96 
1.99 
1.86 
2.21 

4.12 
4. 79 
2.21 

5. 58 

822.3 

16.70 

Total  by  composite  

Experiment  No.  35. 
7  a  m  to  1  p  nn 

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  id.  

II  p.  m  to  7  a.  m  

Total  

822.  3 

1. 0315 

2.02 

16.61 

230.0 
516. 2 
295.5 
471.7 

1. 0270 
1. 0165 
1.0170 
1.0135 

1.80 
1.02 
1.05 
.99 

4.14 
5.27 
3.10 
4.67 

1,513.4 

17.18 

7  a.  m  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1,  513. 4 

1.0180 

1.13 

17. 10 

252.7 
422.  2 
148.  5 
416.3 

1.0240 
1.0170 
1. 0250 
1. 0165 

1.46 
1.13 
1.51 
1.18 

3.69 
4. 77 
2.  24 
4. 91 

1, 239. 7 

15.61 

Total  by  composite  

1,239.7  1.0195 

1.26 

15. 62 

7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

284.5 
517.5 
252.3 
447.2 

1. 0205 
1. 0155 
1. 0190 
1. 0145 

1.28 
.88 

1.13 
.97 

3.64 
4.55 
2. 85 
4.34 

Total  

1,501.5 

15.38 

Total  by  composite  

1,  501. 5 

1. 0170 

1.03 

15.47 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

g£&  Nitrogen. 

1900. 
Dec.  12-13  

13-  14  

14-  15   

15-  16. 

1901. 
Jan.    7-  8. 

8-  9 

9-  10 
10-11 

. 

Experiment  No.  So — Continued. 
7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

Grams. 
257. 6 
539.8 
140.2 
491.2 

1.  0230 
1. 0145 
1. 0245 
1. 0140 

Per  cent. 
1.39 
.86 
1.49 
1.00 

Grams. 
3.58 
4.64 
2.09 
4. 91 

1, 428. 8 

15. 22 

Total  bv  composite  

Total,  4davs  

1,428.8 

1.0160 

1.07 

15.29 

5,  683. 4 

63. 39 

Total  bv  composite  

Experiment  No.  36. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

5,  683. 4 

1. 0170 

1.10 

62.52 

215. 0 
652.9 
234.9 
297.2 

1. 0250 
1. 0095 
1.0120 
1. 0135 

1.46 
.55 
.  75 

1.01 

3.14 
3. 59 
1.76 
3.00 

1, 400.  0 

11.49 

Total  bv  composite  

Following  experiment  No.  36. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1, 400.  0 

1. 0135 

.81 

11. 34 

179.8 
171.4 
218.3 
330.3 

1. 0270 
1.  0320 
1. 0320 
1.  0340 

1.94 
2. 03 
2. 03 
2. 02 

3.49 
3.48 
4.43 
6.  67 

899.8 

18.07 

Total  by  composite  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

899.8 

1. 0315 

2.  01 

18. 09 

213. 5 
286.3 
170.7 
316.2 

1.  0320 
1. 0325 
1.0355 
1. 0290 

1.72 
1.41 
1.46 
1.74 

3.67 
4.04 
2.49 
5. 50 

986.  7 

15.  70 

Total  bv  composite  

Preliminary  to  experiment  No.  37. 

7  a.  m.  to  7  a.  m  

7  a.  m.  to  7  a.  m  

7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

986.7 

1. 0320 

1.59 

15.  69 

757. 5 
705.2 

1.033 
1.035 

1.96 
1.92 

14.85 
13. 54 

159.  5 
207.9 
95.1 
195. 5 

1.032 
1.038 
1.041 
1.  035 

2.19 
1.97 
2.  39 
2. 31 

3.49 
4.10 
2.27 
4.52 

658.  0 

14.38 

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

658.0 

1.  036 

2.18 

14. 34 

232.6 
262.8 
128.3 
309.0 

1.030 
1.034 
1.038 
1.023 

1.76 
1.61 
2. 17 
1.44 

4. 09 
4.  23 
2.78 
4. 45 

932.7 

15. 55 

932.  7 

1. 030 

1.67 

15. 58 

6000— No.  136—03  14 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Period. 


Experiment  No.  87. 

7  a.  to  1  p.  m  

I  p.  ni.  to  7  p.  rn  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

lp.m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Total,  4  days  

Experiment  No.  88. 

7  a.  m  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  


Amount. 

Specific 
gravity. 

Nitrogen. 

Grams. 

Per  cent. 

Grams. 

352.6 

1. 026 

1.21 

4.27 

639. 4 

1.019 

.65 

4. 16 

173.  7 

1.030 

1.  62 

2. 82 

203. 8 

1. 032 

1.93 

3.  93 

1,369.5 

15.18 

1,369.5 

1.024 

1. 11 

15.20 

284.8 

1.029 

1.31 

3. 73 

309.5 

1.031 

1.27 

3.93 

119.  9 

1.039 

2. 25 

2.70 

168.8 

1.037 

2. 54 

4.29 

883.0 

14. 65 

883.  0 

1.033 

1.65 

14. 57 

211.2 

1. 033 

2.02 

4. 27 

292.7 

1.034 

1.58 

4.  62 

132. 1 

1.039 

2.48 

3. 28 

183.6 

1.038 

2.  67 

4.90 

819.6 

17.07 

819.6 

1.035 

2.  09 

17. 13 

231.1 

1.032 

2.21 

5. 11 

319.0 

1.032 

1.69 

5. 39 

142  2 

1. 037 

2.  50 

3. 55 

218.4 

1.034 

2.45 

5. 35 

910.  7 

19. 40 

910.  7 

1.034 

2. 13 

19.40 

3, 982. 8 

66. 30 

236.4 

1.033 

2. 10 

4. 96 

334.4 

1. 034 

1.54 

5. 15 

146.3 

1.037 

2. 44 

3. 57 

237. 3 

1. 035 

2.46 

5.84 

954.4 

19. 52 

954. 4 

1.033 

2. 05 

19. 56 

276.0 

1.031 

1.91 

5.27 

364.9 

1.031 

1.47 

5. 36 

163.9 

1.037 

2.28 

3.74 

231.5 

1.035 

2.55 

5.  90 

1, 036. 3 

20. 27 

1, 036. 3 

1.  033 

1. 95 

20. 21 

288.4 

1.032 

1.  84 

5.31 

368.2 

1.031 

1.51 

5.  56 

147. 3 

1.037 

2. 51 

3. 70 

217.0 

1.036 

2.66 

5.  77 

1,020.9 

20. 34 

1, 020. 9 

1.034 

1.99 

20.32 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Amount. 

Specific 
gravity. 

Nitrogen. 

Grams. 

Per  cent. 

Grams. 

267. 8 

1. 031 

2.01 

5. 38 

363.3 

1.032 

1.54 

5. 59 

157.8 

1.037" 

2.53 

3.99 

232.7 

1.034 

2.58 

6.00 

1,021.6 

20.  96 



1,021.6 

1.034 

2. 05 

20. 94 

4  033. 2 

81.09 

158. 9 

1.034 

2. 58 

4.10 

342.0 

1.020 

1.26 

4. 31 

429.5 

1.014 

.66 

2. 84 

380.0 

1.019 

1. 24 

4  71 

1,310.4 

15. 96 

1, 310. 4 

1.018 

1.22 

15.99 

9, 326. 4 

163. 35 

9  326. 4 

1. 033 

1. 75 

163. 21 

249. 0 

1. 02/ 

2.03 

5. 05 

294.8 

1.029 

2. 03 

5. 98 

184.4 

1. 033 

2.25 

4. 15 

312.9 

1.030 

2.13 

6.66 

1, 041. 1 

21.84 

1, 041. 1 

1.029 

2. 10 

21.86 

827.6 

1. 0315 

1.56 

12. 91 

1  109. 5 

1.0300 

1.53 

16.98 

220.  9 

1. 0290 

1. 62 

 — 

3. 58 

293.2 

1. 0305 

1. 50 

1.  4U 

188.6 

1. 0345 

1. 88 

3. 55 

247.2 

1. 0295 

1.91 

4.72 

949. 9 

16. 25 

949  9 

1. 0310 

1.67 

15.85 

235  3 

1. 0290 

1.61 

3.  79 

231.8' 

1.0330 

4. 31 

146.4 

1. 0370 

2. 11 

3. 09 

226.1 

1. 0310 

2.09 

4.  73 

839.6 

15. 92 

839  6 

1.  0320 

1. 87 

15.  70 

260.2 

1.0295 

1.53 

3. 98 

312.3 

1.0310 

1.37 

4.28 

130.2 

1. 0115 

2. 27 

2.96 

188.9 

1. 0350 

2.46 

4.65 

891.6 

15.87 



891.6 

1. 0330 

1.79 

15. 96 

Period. 


Experiment  No.  38— Continued. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Total,  4  days  

Experiment  No.  39. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Total,  9  days  

Total  by  composite  

Following  experiment  No.  39. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Preliminary  to  experiment  No.  UO. 

7  a,  m.  to  7  a.  m  

7  a.  m.  to  7  a.  m  


7  a.  m.  to  1  p.  m  . 

I  p.  m.  to  7  p.  m. 
7  p.  m.  to  11  p.  m 

II  p.  m.  to  7  a.  m 

Total  


Total  by  composite. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.TQ.  to  7  a.  m  

Total  


Total  by  composite  

Experiment  No.  iO. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite. 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1901. 
Feb.  27-28 

28-Mar.l. 

Mar.  1-2  

2-  3  

3-  4  

4-  5  

5-  6  

Exj)€T  iff  icnt  JSo.  1+0 — Con  tinned.. 

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

Grams. 
215.5 
251.4 
117.9 
184.0 

1.0320 
1. 0340 
1.0415 
1. 0365 

Per  cent. 
1.94 
1.72 
2.48 
2. 55 

Ch^ams. 
4. 18 
4.32 
2.92 
4.69 

768.8 

16.11 

Tot£il  by  composite 
7  a.  m.  to  1  p.  m  

11  p.  m.  to  7  a.  m  

Total  

768.8 

1. 0345 

2. 10 

16.14 

226.2 
291.0 
136.0 
196.2 

1.0325 
1. 0335 
1. 0400 
1. 0360 

1. 96 
1.66 
2.51 
2.53 

4.43 
4.83 
3. 41 
4. 96 

849.4 

17.63 

Tot&l  by  composite 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

II  p.  m.  to  7  a.  m  

Total  

849.4 

1. 0350 

2.08 

17.67 

226.7 
272.5 
128. 4 
192.2 

1.0315 
1.0355 
1.  04/10 
1. 0360 

2.04 
1.78 
2. 48 
2.60 

4.62 
4. 85 
3.18 
5. 00 

819.8 

17.65 

Total  by  composite  

Total,  4  days  

819.8 

1.  0350 

2. 14 

17.54 

3, 329.  6 

67.26 

Experiment  No  hi 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

974.3 
405.2 
166. 5 
357.6 

1. 0290 
1.0290 
1. 0340 
1.0290 

1.83 
1.30 
2. 22 
1.73 

5. 02 
5.27 
3.  70 
6.19 

1,203.6 

20. 18 

TotRl  by  composite 
7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  ,  

1, 203. 6 

1 . 0285 

1.68 

20.22 

352.0 
575.9 
223. 9 
609.0 

1. 0235 
1. 0230 
1. 0275 
1. 0170 

1.40 
.93 
1.68 
1.04 

4. 93 
5. 37 
3.76 
6.33 

1, 760.  8 

20.39 

Total  by  composite 

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1,760.8 

1 . 0215 

1.16 

20.43 

386.8 
565.4 
209.  5 
572.  6 

1.0240 
1. 0240 
1.0300 
1.0180 

1.24 
.94 
1.79 
1.05 

4. 81 
5. 31 
3.76 
6. 01 

1, 734.  3 

19. 89 

Totfil  by  composite 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  .  

1, 734. 3 

1. 0220 

1.15 

19.94 

364.2 
487.6 
193.6 
510. 4 

1. 0245 
1.  0275 
1.0315 
1.0190 

1  30 
1.08 
1.97 
1.14 

4  73 
5.27 
3.81 
5. 82 

1,555.8 

19.63 

Total  by  composite  

Total,  4  days....  

1, 555.  8 

1. 0240 

1.27 

19. 76 

6,254.5 

80.09 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1901. 
Mar.  6-7  

7-8  

25- 26 

26-  27 

Experiment  No.  &2. 
7  a.  rn.  to  1  p.  m  '  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

Grams. 
307.7 
767.9 
299.3 
369.8 

1. 0210 
1. 0120 
1.  0155 
1. 0175 

Per  cent. 
1.35 
.50 
.76 
1.04 

Grams. 
4.15 
3.84 
2. 27 
3.85 

1, 744.  7 

1411 

Total  by  composite  

Total.  9  days  

1, 744. 7 

1. 0150 

.81 

14.13 

11, 328.  8 

161.46 

Total  by  composite  

Following  experiment  No.  L2. 

7  a.  m.  to  1  p.  m  

1  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

Total  

11, 328.  8 

1.  0165 

1.43 

162. 00 

268.2 
314.6 
234.3 
303.5 

1. 0255 
1. 0275 
1.  0290 
1. 0275 

1.  66 
1.76 
1.80 
1.76 

4. 45 
5. 54 
4. 22 
5.34 

1,120.6 

19. 55 

Total  bv  composite  

Preliminary  to  experiment  No.  US. 

7  a.  m.  to  7  a.  m  

 do  

1, 120.  6 

1.0280  |  1.74 

19.50 

862.4 
939. 7 

1. 0345 
1. 0320 

1.74 
1.90 

15. 00 
17. 85 

27-  28 

28-  29  

29-  30 

30-  31 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

169.  7 
239.2 
135.9 
285.7 

1. 0305 
1. 0310 
1. 0350 
1. 0300 

1.83 
1.80 
1.97 
1.93 

3.11 
4. 31 
2. 68 
5.  51 

830.  5 

15.  61 

Total  bv  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

830.  5 

1.0315  |  1.87 

15.  53 

267.  9 
307.7 
218.2 
258. 7 

1. 0280 
1. 0305 
1. 0310 
1.  0300 

1.51 
1.56 
1.54 
1. 80 

4. 05 
4. 80 
3. 36 
4. 66 

16.87 

Total  bv  composite  

Experiment  No.  IS. 

7  a,  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1  052.5 

1.0300  !  1.58 

16. 63 

403. 6 
413.3 
211.4 
657.8 

1. 0250 
1. 0275 
1. 0320 
1. 0170 

1.09 
1.10 
1.84 
.89 

4.40 
4. 55 
3. 89 
5.85 

1  686.1 

18.69 

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1  686.1 

1.0225  [  1.11 

18.72 

404. 2 
491.8 
216.7 
811.0 

1. 0240 
1. 0240 
1. 0280 
1.0145 

1.20 
1.07 
1.74 
.72 

4. 85 
5. 26 
3. 77 
5. 84 

1,923.7 

19.  72 

Total  by  composite  

1,923.7 

1. 0190 

1.01  j  19.43 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1901. 
Mar.  31-Apr.l. 

Apr.  1-2  

2-  3 

3-  4  

4-  5  

5-  6  

6-  7  

Experiment  No.  US — Continued. 
7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

II  p.  m.  to  7  a.  m  

Total  

\jrVCLDlS. 

464. 0 
553.3 
223.2 
766.1 

1. 0220 
1. 0225 
1.0270 
1. 0150 

Per  cent. 
1.02 

.89 
1  58 

.68 

Grams. 
4. 73 
4.92 

5. 21 

2, 006.  6 

18.39 

Total  by  composite  

7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

2, 006. 6 

1. 0190 

•  91 

18.26 

476.0 
754.9 
217.  0 
821.4 

1.0210 
1. 0170 
1. 0260 
1. 0135 

.97 
.65 
1.54 
.65 

4. 62 
4.91 
3. 34 
5.34 

2, 269.  3 

18.21 

Total  by  composite  

Total,  4  days-  

2, 269. 3 

1. 0165 

.79 

17.93 

7, 885. 7 

75. 01 

Experiment  No.  Uk. 
7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  !  

496.8 
716.9 
184.2 
591.5 

1. 0200 
1.0170 
1.0290 
1. 0145 

.92 
.65 
1. 67 
.81 

4.57 
4. 66 
3.08 
4. 79 

1, 989.  4 

17. 10 

7  a.  m.  to  1  p.  m   

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

1,989.4 

]  0175 

.87 

17.31 

595. 2 
446.5 
181.2 
858.7 

1.0150 
1.0210 
1. 0285 
1. 0130 

.69 
.95 
1. 62 
.56 

4. 11 
4. 24 
2.94 
4.81 

2,081.6 

16.10 

1  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

Total  

2,081.6 

1. 0155 

.77 

16.03 

543.6 
616.8 
200. 0 
898.  5 

1. 0170 
1. 0185 
1. 0260 
1.  0135 

77 
.74 
1. 55 
.56 

4.19 
4.56 
3. 10 
5. 03 

2,258.9 

16.88 

7  a.  m.  to  1  p.  m  

7  p.  m.  to  11  p.  m  

Total  

2, 258.  9 

1. 0150 

.75 

16.94 

481.4 
499.4 
203.4 
728.4 

1. 0180 
1. 0210 
1. 0280 
1. 0140 

.87 
.94 
1. 66 
.73 

4. 19 
4. 69 
3. 38 
5.32 

1,912.6 

17.58 

Total  by  composite  

Total,  4  days  

1, 912.  6 

1. 0180 

.90 

17. 21 

8, 242. 5 

67. 66 

Experiment  No.  U5. 

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

445.2 
671.3 
211.4 
906.0 

1. 0215 
1. 0210 
1. 0265 
1. 0150 

1.04 
.76 

1.62 
.63 

4. 63 
5. 10 
3.42 
5. 71 

2, 233. 9 

18.86 

Total  by  composite  

Total,  9  days  

2, 233.  9 

1. 0180 

.84 

18.75 

18,362.1 

1  

161. 53 

9  day  composite  

18, 362. 1 

1. 0190 

.87 

159. 75 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1901. 

X7   77                                    *            *    7iT        1  - 

-roiiow i u (j  * xpt I't  1'iient  ±>o.  uo. 

Grams. 

Per  cent. 

G-rams. 

OfiQ  Q 

zoy.  y 

J..  U-iOO 

1. 64 

4. 43 

1  p.  m.  to  7  p.  m  

456.2 

1. 0265 

1. 28 

5. 84 

7  p.  m.  to  11  p.  m  

316.5 

1. 0265 

1. 18 

3. 73 

11  p.  m.  to  7  a.  m  

528.0 

1. 0240 

1.21 

6.  39 

Total  

1, 570. 6 

20. 39 

1, 570.  6 

1. 0250 

1. 29 

20.  26 

Preliminary  to  experiment  Xo.  IS. 

29-30 

7  a.  m.  to  7  a.  m  

1,853.5 

1.0190 

.89 

16.  50 

30-May  1 

7  a.  m.  to  7  a.  m  

1  931  7 

1  0190 

.79 

15. 26 

Vfl.V  1-2  

7  a.  m.  to  1  r>.  m    

400  6 

1  0235 

.  91 

3. 65 

1  p.  m.  to  7  p.  m  

367.4 

1. 0240 

.  92 

3. 38 

297.2 

1. 0220 

.93 

2.  76 

11  p.  m.  to  7  a.  m  

498.  4 

1. 0200 

.  95 

4.  73 

Total  

1  563  6 

14.52 

Total  bv  composite  

1  563  6 

1  0225 

.93 

14.  54 

2-3  

7  a.  m.  to  1  p.  m  

1  0140 

.51 

3. 96 

1  p.  m.  to  7  p.  m  

545. 3 

1.  0190 

.  70 

3. 82 

251.  6 

1. 0225 

.  86 

2. 16 

11  p.  m.  to  7  a.  m  

396.1 

1. 0220 

.99 

3.92 

Total  

1, 968. 7 

13. 86 

Total  bv  composite  

1, 968:  7 

1. 0190 

.  71 

13.98 

Experiment  No.  A6. 

3-4  

7  a.  m.  to  1  p.  m  

461. 7 

1. 0225 

.  74 

3. 42 
3.33 

426.3 

1. 0270 

.  78 

7  p.  m.  to  11  p.  m  

148.0 

1. 0350 

1.80 

2.  66 

11  p.  m.  to  7  a.  m  

306.8 

1.  0270 

1. 54 

4.72 

Total 

1  342  8 

14. 13 

Total  bv  composite  

1  342  8 

1  0'?60 

1.  06 

14.23 

4-5  

7  a.  m  to  1  p.  m  

345  3 

1  0265 

1. 10 

3.80 

1  p.  m.  to  7  p.  m  

392.3 

1.0270 

1. 07 

4. 20 

7  p.  m.  to  11  p.  m  

159.8 

1. 0350 

1. 95 

3. 12 

11  p.  m.  to  7  a.  m  

348.7 

1. 0240 

1. 47 

5. 12 

Total  

1  246. 1 

16. 24 

Total  by  composite  

1  246  1 

1  0270 

1. 31 

16.  32 

5-6  

7  a.  m.  to  1  p.  m  

333.  6 

1  0265 

1. 29 

4. 30 
3.88 

1  p.  m.  to  7  p.  m  

408.6 

1. 0260 

.  95 

7  p.  m.  to  11  p.  m  

171.  0 

1. 0300 

1.83 

3. 13 

11  p.  m.  to  7  a.  m  

334.4 

1. 0245 

1. 54 

5. 15 

Total  

1  247  6 

16.46 

Total  bv  composite  

1  247  6 

1  0^60 

1.  34 

16.  72 

6-7  

7  a.  m.  to  1  p.  m  

43'-'  7 

1  02'^0 

.99 

4.28 

1  p.  m.  to  7  p.  m  

52-5.2 

1. 0230 

.82 

4.31 

7  p.  m.  to  11  p.  m  

172.1 

1.0320 

1.80 

3. 10 

11  p.  m.  to  7  a.  m  

480. 1 

1. 0175 

1.05 

5. 04 

Total  

1, 610. 1 

16.  73 

Total  bv  composite  

1,610.1 

1. 0215 

1.05 

16. 91 

Total,  4  days  

5, 446. 6 

63.56 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of,  urine,  by  periods — Continued. 


Amount 

Specific 
gravity. 

Nitrogen. 

Grams 

Per  cent. 

Grams. 

381.7 

1.0225 

1.06 

4. 05 

460.  G 

1. 0250 

.96 

4.42 

148.0 

1. 0340 

1.92 

2.84 

649.0 

1. 0145 

.70 

4.54 

1, 639. 3 

15. 85 

1,  639. 3 

1. 0205 

.97 

15. 90 

320.9 

1.0230 

1.21 

3. 88 

401.8 

1. 0250 

1.07 

4. 30 

140.3 

1. 0340 

1.94 

2.72 

723.3 

1. 0140 

.67 

4.85 

1,586.3 

15.75 

1, 586. 3 

1. 0195 

.99 

15. 70 

429.0 

1.0200 

.94 

4.03 

424.5 

1. 0235 

1.02 

4.33 

155.8 

1. 0315 

1.82 

2. 84 

728.4 

1.0130 

.66 

4. 81 

1,737.7 



16. 01 

1,737.7 

1. 0180 

.93 

16.16 

360.3 

1. 0230 

1.15 

4.14 

402.3 

1. 0255 

1.11 

4. 47 

155.0 

1. 0335 

1. 93 

2. 99 

545.0 

1. 0165 

.  94 

5. 12 

1, 462. 6 

16.72 

1,462.6 

1.0210 

1.15 

16. 82 

6, 425. 9 

64.  33 

332.0 

1.  0265 

1.26 

4. 18 

445.6 

1.  0265 

.  99 

4. 41 

158.8 

1. 0340 

1.93 

3. 06 

481.  5 

1.0210 

1.15 

5. 54 

1, 417. 9 

17. 19 

1, 417. 9 

1. 0250 

1.22 

17. 30 

13, 290. 4 

145.08 

13, 290.  4 

1.0240 

1.09 

144. 87 

224.8 

1. 0300 

1.81 

4.07 

411.4 

1. 0290 

1.29 

5.31 

423.1 

1. 0290 

1.28 

5.42 

346.2 

1. 0280 

1.72 

5.95 

1,405.5 

20.  75 

1,405.5 

1.  0290 

1.48  i  20.80 

1,268.4 

1. 0275 

1.466 

18.  59 

1,141.0 

1. 0265 

1.336 

15. 24 

Period. 


Experiment  No.  U7. 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite . 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  . 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite. 
7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite  

Total,  4  days  

Experiment  No.  U8. 


7  a.  m.  to  1  p.  m  . 

I  p.  m.  to  7  p.  m  . 
7  p.  m.  to  11  p.  in 

II  p.  m.  to  7  a.  m 


Total  

Total  by  composite  

Total  9  days  

Total  9  day  composite  

Following  experiment  No.  A8. 


7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Preliminary  to  experiment  No.  U9. 

7  a.  m.  to  7  a.  m  

7  a.  m.  to  7  a.  m  

Total  

Total  by  composite  
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1902. 

Preliminary  to  experiment  No.  h9 — Cont'd. 

Grams. 

Per  cent. 

Grams. 

Mar.  25-26 

7  a.  m.  to  1  p.  m  

317.1 

1. 0260 

1. 223 

3. 88 

288.0 

1. 0310 

1.466 

4. 22 

7  p.  m.  to  11  p.  m  

169.  7 

1. 0335 

1. 692 

2.87 

11  p.  m.  to  7  a.  m  

464. 1 

1. 0190 

.975 

4.52 

Total  

1,238.9 

15. 49 

Total  by  composite  

1, 238. 9 

1. 0210 

1. 245 

15.42 

26-27 

225.1 

1.0285 

1.610 

3.62 
3  93 

1  p  m  to  7  p  m 

262.1 

1. 0330 

1  500 

183. 9 

1.  0340 

1  445 

2  66 

11  p.  m.  to  7  a.  m  

283.9 

1. 0290 

1.552 

4.41 

955.  0 

14.  62 

955.0 

1.  0295 

1.  526 

14. 57 

Experiment  No.  k9. 

27-28  . 

375.6 

1. 0240 

1.039 

3.90 

1  p.  m.  to  7  p.  m  

891.7 

1.0155 

.464 

4. 14 

7  p.  m.  to  11  p.  m  

199. 4 

1. 0260 

1.452 

2. 90 

552. 1 

1.0160 

.812 

4.48 

Total  

2, 018. 8 

 1  

15.42 

Total  by  composite  

2, 018. 8 

1. 0180 

.768 

15.  50 

28-29. 

479.7 

1. 0190 

.861 

4. 13 

1  p.  m.  to  7  p.  m  

549.6 

1.0185 

.793 

4. 36 

443. 2 

1. 0160 

.671 

2. 97 

11  p.  m.  to  7  a.  m  

,99.2 

1.  0120 

.542 

4. 33 

Total  

2, 271. 7 

15.  79 

Total  by  composite  

2, 271.  7 

1. 0165 

.698 

15. 86 

29-30 

7  a,  m.  to  1  p.  m  

751.9 

1. 0140 

.536 

4. 03 

1  p  m  to  7  p  m 

924.  6 

1.0140 

.451 

4  17 

7  p.  m.  to  11  p.  m  

244.1 

1. 0220 

1.148 

2.80 

11  p.  m.  to  7  a.  m  

795.3 

1.0120 

.523 

4.16 

Total  

2,  715. 9 

15. 16 

2, 715. 9 

1. 0135 

.557 

15. 13 

Total,  3  days  

7, 006. 4 

46. 37 

Experiment  No.  50. 

30-31, 

520.2 

1. 0190 

.749 

3  90 

1  p  m  to  7  p  m 

774.  9 

1.  0165 

.535 

4. 15 

7  p.  m.  to  11  p.  m  

169.9 

1.  0250 

1.178 

2.  00 

11  p.  m.  to  7  a.  m  

216.7 

1. 0255 

1.596 

3.46 

Total  

1, 681. 7 

13.51 

Total  by  composite  

1,681.7 

1. 0220 

.804 

13.52 

Experiment  No.  51. 

31— Apr.  1. . 

323. 8 

1. 0195 

.962 

3. 12 

1  p.  m.  to  7  p.  m  

294.4 

1. 0245 

1.083 

3. 19 

7  p.  m.  to  11  p.  m  

144.2 

1. 0250 

1.254 

1.81 

11  p.  m.  to  7  a.  m  

255. 0 

1. 0230 

1.417 

3.61 

Total  

1,017.4 

11.73 

Total  by  composite  

1, 017. 4 

1. 0230 

1.162 

11.82 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Amount. 

Specific 
gravity. 

Nitrogen. 

&VCL7YIS. 

Per  cent. 

Grams. 

170.2 

1. 0270 

1.677 

2.85 

185.6 

1. 0320 

1.719 

3. 19 

177.2 

1. 0270 

1. 451 

2. 57 

245  1 

1  0290 

1.885 

4.62 

778  1 

13.23 

778. 1 

1. 0290 

1.706 

13.27 

1, 795. 5 

24.96 

10, 483. 6 

84.84 

±u,  'loo.  o 

1  0190 

.796 

83.45 

223.2 

1. 0270 

2.037 

4. 55 

217.7 

1. 0290 

2. 065 

4. 49 

202.1 

1. 0290 

1.945 

3.  93 

423.3 

1. 0240 

1.517 

6.42 

1,066.3 

19. 39 

1,066.3 

1. 0270 

1.815 

19. 35 

1,262.5 

1. 0250 

1.085 

13. 70 

880.1 

1. 0250 

1.698 

14. 94 

1,094.6 

1.0250 

1.765 

19.32 

===== 

171.2 

1.0250 

1.861 

3. 19 

252. 3 

1. 0250 

1.632 

4. 12 

130.2 

1.0295 

1.830 

2.38 

386.4 

1.  0190 

1.491 

5.76 

940.1 

15. 45 

940.1 

1.0255 

1.674 

15T74 

185.1 

1. 0235 

1. 551 

2. 87 

328.4 

1. 0205 

1.427 

4. 69 

243.8 

1. 0165 

1. 174 

2. 86 

271.  0 

1. 0230 

1.518 

4. 11 

1, 028. 3 

14.53 

1, 028. 3 

1. 0200 

1.375 

14. 14 

780.5 

1. 0115 

.525 

4. 10 

'  823.  7 

1. 0130 

.467 

3.85 

218.3 

1.0205 

1. 362 

2.97 

305.6 

1. 0215 

1.454 

4.44 

2,128.1 

15. 36 

2, 128. 1 

1. 0135 

.712 

15. 15 

337.6 

1. 0200 

1.200 

4.05 

386.2 

1. 0210 

1.153 

4.45 

156.6 

1. 0260 

1.945 

3.05 

528.4 

1.0130 

.925 

4. 89 

1,408.8 

16.44 

1,408.8 

1. 0215 

1. 162 

16.37 

Period. 


Experiment  No.  51 — Continued. 
7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  rn  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite  

Total,  2  days  

Total,  6  days  

Total  by  composite  

Following  experiment  No.  51. 


7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite . 
7  a.  m.  to  7  a.  m  


Preliminary  to  experiment  No.  52. 

7  a.  m.  to  7  a.  m  

7  a.  m.  to  7  a.  m  


Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  rn.  to  7  a.  m  

Total  

Total  by  composite  

Experiment  No.  52. 
7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite 

7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m   

7  p.  m.  toll  p.  m  

II  p.  m.  to  7  a.  m  

Total  


Total  by  composite . 


219 


Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Date. 

Period. 

Amount. 

Specific 
gravity. 

Nitrogen. 

1902. 
Apr.  23-24  

24-25  .... 

25-  26 

26-  27     . . 

27-  28. . . . 

28-  29 

29-  30 

Experiment  No.  52—  Continued. 

7  p.  m.  to  11  p.  m  

11  p.  m.  to  7  a.  m  

Total  

Grams. 
666.3 
656.5 
194.3 
367. 5 

1.0110 
1. 0130 
1.0215 
1.0160 

Per  cent. 
0. 664 
.643 
1.579 
1.210 

Grams. 
4.42 
4.22 
3.  07 
4.45 

1,884.6 

16.16 

Total  by  composite  

Total,  3  days  

1, 884.  6 

1. 0145 

.862 

16.25 

5, 421 . 5 

47. 96 

Experiment  No.  53. 
7  a.  m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

307.5 
334.5 
126.5 
230.1 

1.0200 
1. 0210 
L0290 
1. 0250 

1.364 
1.066 
1.928 
1. 736 

4.19 
3. 57 
2.44 
3. 99 

998.6 



14.19 

Total  dy  composite  

I  p.  m.  to  7  p.  m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

998.6 

1. 0250 

1.428 

14. 26 

265.0 
352. 2 
137.3 
416.9 

1. 0260 
1.0230 
1.0295 
1. 0140 

1.414 
1.157 
1.931 
1. 008 

3.75 
4. 07 
2.65 
4. 20 

Total  

1,171.4 

14.  67 

Total  by  composite  

7  a.  m.  to  1  p.  m  

Total  

1,171.4 

1, 0210 

1.  258 

14.74 

303.0 
511.4 
189.6 
447.4 

1. 0215 
1.  0190 
1. 0230 
1. 0150 

1.300 
.888 

1. 511 
.987 

3.94 
4.54 
2.86 
4.42 

1, 451. 4 

15.  76 

Total  by  composite  

Total,  3  days  

1,451.4 

1. 0180 

1.  080 

15. 68 

3, 621.4 

44.  62 

Experiment  No.  5h. 
7  a.m.  to  1  p. m  

I  p.  m.  to  7  p.  m  

7  p.m. to  11  p. m  

II  p.  m.  to  7  a.  m  

Total  

676.6 
996.6 
303.1 
425.5 

1. 0120 
1.  0100 
1. 0170 
1.0150 

.625 
.400 
1.143 
1. 074 

4.23 
3.99 
3.46 
4.57 

2,401.8 

16.25 

Total  by  composite  

7  a.  m.  to  1  p.  m  

1p.m. to  7  p.m.  

7  p.m. to  11  p. m  

11  p.m. to  7  a. m  

Total  

2,401.8 

1. 0125 

.676 

16.  24 

484.5 
949.4 
224.9 
348.5 

1. 0145 
1.  0110 
1. 0200 
1. 0190 

.920 
.484 
1.428 
1.342" 

4. 46 
4.60 
3.21 
4.68 

2.  007.  3 

16. 95 

2,  007. 3 

1.0150 

.  846 

16.98 

7  a.m. to  1  p. m  

7  p.  m.  to  11  p.  m  

11  p.m. to  7  a. m  

Total  

644.5 
769.0 
196.2 
445.5 

1.0140 
1  0130 
1.0235 
1. 0150 

.683 
.592 
1.578 
1.026 

4.40 
4. 55 
3. 10 
4.  57 

2, 055. 2 

i  

16. 62 

Total  bv  composite  

2, 055.  2 

1. 0140 

.807 

16.  59 

"    Total,  3  days  

6, 464.  3 

49. 82 
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Table  113. — Amount,  specific  gravity,  and  nitrogen  of  urine,  by  periods — Continued. 


Period. 


Experiment  No.  55. 
7  a. m. to  1  p. m  

I  p.m.  to  7  p.m  

7  p.  m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  

Total,  10  days  

Ten-day  composite  

Following  experiment  No.  55 

7  a.m.  to  1  p.  m  

I  p.  m.  to  7  p.  m  

7  p.m.  to  11  p.m  

II  p.  m.  to7  a.m  

Total  

Total  by  composite  

7  a.  m.  to  1  p.m  

I  p.  m.  to  7  p.  m  

7  p.m.  to  11  p.  m  

II  p.  m.  to  7  a.  m  

Total  

Total  by  composite  


Grams. 
298.0 
330.0 
200.6 
340.2 


1, 168. 8 


16, 676. 0 
16, 676. 0 


270.8 
300.2 
126.2 
247.5 


944.7 


944.7 


237.8 
236.4 
210.1 
310.4 


Specific 
gravity. 


994.7 


1. 0225 
1. 0270 
1. 0290 
1. 0310 


1. 0290 


1. 0280 
1.0300 
1. 0320 
1. 0330 


1. 0305 


1.0280 
1.0305 
1. 03ia 
1.  0310 


1. 0300 


Nitrogen. 


Per  cent. 
1.338 
1.326 
1.623 
1.688 


2.027 
2. 313 
2. 379 
2.  518 


2.2X6 


2. 274 
2.159 
2.150 
1.912 


Table  114. — Percentage  composition  of  urine,  metabolism  experiments  Nos.  35-55. 


Date. 


Water. 


Total 
solids. 


Nitro- 
gen. 


Car- 
bon. 


Hydro- 
gen. 


Ash. 


1900. 


Per  ct. 


zr  ct. 


Dec.  9-10  , 

10-  11  , 

11-  12  

12-  13  

4-day  composite 
Dec.  13-14  


95. 99 
96. 94 


4. 01 
3. 06 


1901. 


Jan.  11-12  

12-  13  

13-  14  

14-  15  

15-  16  

16-  17  

17-  18  

18-  19  

19-  20  

9-day  composite 

Feb.  26-27  

27-  28  

28-  Mar.  1  . . 


Per  ct. 
1.13 
1.26 
1. 03 
1.07 
1.10 
.81 

1. 10 
1.65 
2.09 
2. 13 
2.05 
1.95 
1. 99 
2.05 
1. 22 
1.  75 

1.  79 
2. 10 
2.08 


Per  ct. 


Per  ct. 


Per  ct. 


0. 21 
.15 


0.44 
.44 


1.34 
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Table  114. — Percentage  composition  of  urine,  etc. — Continued. 


Experi- 
ment 
No. 

Date. 

Water. 

Total 
solids. 

Nitro- 
gen. 

Car- 
bon. 

Hydro- 
gen. 

Ash. 

Heat  of 
combus- 
tion per 
gram. 

40 
41 
41 
41 
41 
42 
40-42 

43 
43 
43 
43 
44 
44 
44 
44 
45 
43-45 

46 
46 
46 
46 
47 
47 
47 
47 
48 
46-48 

49 
49 
49 
50 
51 
51 
49-51 

52 
52 
52 
53 
53 
53 
54 
54 
54 
55 
52-55 

1901. 

Mar.  1-2  

Per  ct. 

Per  ct. 

Per  ct. 
2. 14 
1.68 
1. 16 
1.15 
1.27 
.81 
1.43 

1.11 
1.01 
.91 
.79 
.87 
.  77 
.75 
.90 
.84 
.87 

1.06 
1.31 

Perct. 

Perct. 

Per  ct. 

Calories. 
0. 173 
.128 
.088 
.096 
.100 
.062 
.120 

.089 
.081 
.072 
.061 
.070 
.066 
.063 
.074 
.067 
.074 

.113 
.107 
.126 
.083 
.082 
.096 
.087 
.096 
.114 
.094 

.067 
.059 
.050 
.070 
.095 
.137 
.074 

.058 
.094 
.068 
.119 
.104 
.098 
.052 
.063 
.070 
.124 
.083 

2-3  

5-6   

6-7  

9-day  composite  

Mar.  29-30   

94. 69 

5. 31 

1.04 

0.28 

0. 72 

30-31   

31 -A  nr.  1  

Apr.  1-2  !  

2-8  J  

3-4  

4-5  

5-6  

6-7  

9-dav  composite  

May  3-4  

96. 69 

3.31 

.64 

.17 

.68 

4-5  

5-6  

1.34 
1.05 
.97 
.99 

1.15 

6-7  

7-8  

8-9  

9-10....  



10-11  





11-12  

1.22 
1.09 

.77 
.70 
.56 
.80 
1. 16 
1. 71 
.80 

.71 
1.16 
.86 
1.43 
1.26 
1.08 
.68 
.85 
.81 
1. 48 
.96 

9-dav  composite  

1902. 

Mar.  27-28  

95.59 

4. 41 

.84 

.24 

.62 

28-29  

29-30.,..  

30-31   

31-Anr.  1   

Apr.  1-2  

6-dav  composite  

A  nr.  21-22   

96.64 

3. 36 

.64 

.18 

.  56 

22-23   

23-24  

24-25  

25-26  

26-27  



27-28  

28-29  

29-30  

30-Mavl  

10-dav  composite  

96. 07 

3. 93 

.72  |  .22 

.82 
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Table  115. — Percentage  composition  of  water-free  substance  of  urine  in  metabolism  experi- 
ments Nos.  5-55. 


Subj  cot  and  kind  of 
experiment. 


Dura- 
tion. 


In  total  dry  matter. 


Nitro- 
gen. 


Car- 
bon. 


Hy- 
dro- 
gen. 


Oxygen 

(by 
differ- 
ence). 


Ash. 


In  organic  matter. 


Nitro- 
gen. 


Car- 
bon. 


Subject  E.  0. 

Experiment  No.  5,  rest  . . 

Experiment  No.  6,  work. 

Experiment  No.  7,  rest 

Experiment  No.  8,  rest  . . 

Experiment  No.  9,  rest  . . 

Experiment  No.  10,  rest  . 

Experiment  No.  11, work. 

Experiment  No.  12,  work. 

Experiment  No.  13,  rest  . 

Experiment  No.  14,  rest  . 

Experiment  Nos.  15-17, 
rest  

Subject  A.  W.S. 

Experiment  Nos.  18-20, 
rest  

Experiment  No.  21,  rest. . 

Subject  E.  0. 

Experiment  Nos.  22-24, 
rest  

Subject  J.  F.  S. 

Experiment  No.  25,  rest. . 

Experiment  Nos.  26-28, 
rest  

Experiment  Nos.  29-31, 
work  

Experiment  Nos.  32-34, 
work  

Subject  J.  C.  W. 

Experiment  No.  35,  rest. . 

Experiment  Nos.  37-38, 
work  

Experiment  Nos.  40-41, 
work  

Experiment  Nos.  43-45, 
work  

Experiment  Nos.  46-48, 
work  

Experiment  Nos.  49-50, 
work  

Experiment  Nos.  52-55, 
work  

Average  of  all  ex- 
periments   


Days. 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 


Per  ct. 
25. 06 
22.93 
25. 93 
24. 65 
26.43 
28. 89 
26. 39 
26. 26 
24. 59 
26. 78 

26.55 


27. 65 
27.31 


28. 86 

26.48 
28. 09 
28. 29 
27. 44 

27.82 
27.20 
26. 83 
26. 57 
24.  75 
24.08 
24. 38 


Per  ct. 
16.14 
17.  57 
19. 42 
17. 58 
18. 03 
20. 05 
18. 75 
17.96 
19.08 
20. 10 

18. 73 


17. 56 
19. 11 


18.59 

20.74 
20. 15 
20. 00 
19. 59 

20. 70 
20.81 
19.59 
19. 33 
19.05 
19. 05 
18.32 


Per  ct. 
5.06 
5. 40 
5. 28 
4. 98 
4.81 

4.  77 
5.40 
4.92 
5. 40 

5.  74 

5.26 


5. 64 
5.44 


5.45 

5.02 
4.85 
5. 31 
5. 41 

5. 23 
5.28 
5.27 
5. 14 
5.44 
5. 36 
5. 60 


Per  ct. 
23. 68 
26. 21 
23. 47 
25. 31 
25. 23 
27.62 
26. 90 
28.93 
26.42 
27. 82 

27. 02 


27. 62 
28. 18 


26. 95 

28.49 
25. 47 
25.52 
25. 35 

35. 33 
34.22 
34. 74 
28.44 
36.70 
34. 84 


Per  ct. 
30. 06 
27.89 
25.90 
27. 49 
25. 50 
18. 67 
22. 56 
21.93 
24.51 
19.  56 

22.44 


21.53 
19. 96 


20. 15 

19. 27 
21.44 
20.88 
22.21 

10. 92 
12.49 
13. 57 
20. 52 
14. 06 
16.  67 
20. 87 


Per  ct. 
35. 83 
31.80 
34.99 
34. 00 
35. 48 
35. 52 
34.08 
33. 64 
32.  57 
33. 29 

34.23 


35. 23 
34. 12 


36. 14 

32.80 
35. 76 
35.  76 
35. 28 

31.23 
31.08 
31.04 
33. 43 
28.80 
28. 90 
30. 81 


Per  ct. 
23. 08 
24. 36 
26. 21 
24. 24 
24. 20 
24.65 
24. 21 
23. 01 
25. 28 
24.99 

24. 15 


Per  ct. 
7. 23 
7.49 
7.13 
6.87 
6.46 
5.87 
6. 97 
6.30 
7. 15 
7. 14 


23.28 

25. 69 
25. 65 
25. 28 
25. 18 

23.24 
23. 78 
22. 67 
24. 32 
22.17 
22. 86 
23.15 


24. 00 
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Table  116. — Amounts  of  carbon,  oxygen,  and  hydrogen,  total  organic  matter  and  energy, 
corresponding  to  1  gram  of  nitrogen  in  urine,  metabolism  experiments  Nos.  5-55. 


Subject  and  Kind  of  experiment. 

Dura- 
tion. 

Carbon. 

Amounts 

Hydro- 
gen. 

oer  gram  c 

Oxygen 
(by  dif- 
ference). 

f  nitroger 

Organic 
matter. 

Energy. 

Energy 
per  gram 

ganic 
matter. 

Subject  E.  0. 

Days. 

Grams. 

Grams. 

Grams. 

Grams. 

Calories. 

Calories. 

Experiment  No.  5,  rest  

4 

0.644 

0. 202 

0. 944 

2.790 

7.  087 

2.540 

Experiment  No.  6,  work  

4 

.766 

.236 

1.143 

3. 145 

7. 694 

2.446 

Experiment  No.  7,  rest  

4 

.749 

.204 

.905 

.  2.858 

7. 612 

2. 663 

Experiment  No.  8,  rest  

4 

.713 

.202 

1.027 

2.942 

7. 818 

2. 658 

Experiment  No.  9,  rest  

4 

.682 

.182 

.954 

2.818 

8.  063 

2. 860 

l?vr\on'moni'           10  TP^t 

4 

.  694 

.  165 

.956 

2.815 

2. 691 

4 

.711 

.204 

1.019 

2.934 

7.458 

2.542 

Experiment  No.  12,  work  

4 

.684 

.187 

1.101 

2.972 

7. 251 

2.439 

Experiment  No.  13,  rest  

3 

.776 

.220 

1. 074 

3.070 

8.848 

2. 882 

Experiment  No.  14,  rest  

4 

.751 

.214 

1.039 

3.004 

8.755 

2.  914 

T?vnnriTnDnt  XTriC    1^  17  TPQt 

g 

.  705 

.  198 

1. 018 

2. 921 

8. 163 

2. 795 

6 

.  635 

.  204 

.  999 

2. 838 

7.486 

2.  637 

3 

.  700 

.  199 

1. 032 

2.  931 

8. 204 

2. 798 

Subject  E.  0. 

Experiment  Nos.  22-24,  rest  

9 

.644 

.189 

.934 

2.767 

7.439 

2.689 

Subject  J.  F.  S. 

Experiment  No.  25,  rest  

3 

.783 

.190 

1.076 

3. 049 

8.934 

2.932 

Experiment  Nos.  26-28,  rest  

9 

.717 

.173 

.907 

2.797 

8.218 

2.938 

Experiment  Nos.  29-31,  work  

9 

.707 

.188 

.902 

2.797 

8.356 

2. 987 

9 

.714 

.197 

.924 

2.835 

7.  711 

2.720 

Subject  J.  C.  W. 

Experiment  No.  35,  rest  

4 

.744 

.188 

1. 271 

3.203 

8.481 

2.648 

Experiment  Nos  37—38  work 

3 

.  765 

.  196 

1.258 

3. 217 

7. 853 

2. 441 

TTvnATi  m  pti  t  ?Crt<  40  4.1  wnrl* 

g 

.  730 

.196 

1. 294 

3. 220 

8. 125 

2. 523 

Experiment  Nos.  43-45,  work  

9 

.728 

.193 

1.070 

2.991 

8.036 

2. 687 

Experiment  Nos.  46-48,  work  

9 

.769 

.220 

1.483 

3.472 

9. 079 

2.  615 

Experiment  Nos.  49-50,  work  

4 

.791 

.223 

1.446 

3.460 

8.569 

2.477 

Experiment  Nos.  52-55,  work  

10 

.751 

.230 

1.265 

3. 246 

8.175 

2. 518 

All  subjects. 

Average  of  22  experiments, 

rest  

67 

.701 

.194 

.994 

2. 888 

7.974 

2.761 

Average  of  25_  experiments, 

work  

78 

.738 

.205 

1.171 

3. 114 

8. 104 

2.610 

Average  of  47  experiments, 

all  

145 

.721 

.200 

1.089 

3. 010 

8.065 

2.680 
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RESPIRATORY  PRODUCTS. 

The  determinations  of  carbon  dioxid  and  water  in  the  ventilating  air  current  in 
these  experiments  are  given  in  Tables  117-121,  which  follow.  All  determinations 
were  made  by  two-hour  periods;  the  headings  at  the  top  of  the  columns  in  Table 
118  show  how  the  calculations  were  made.  Table  117  shows  the  amounts  of  carbon 
dioxid  and  water  remaining  in  the  chamber  at  the  beginning  and  end  of  each  period. 

Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period  and  the  corresponding  gain  or  loss,  metabolism 
experiments  Nos.  35-55,  inclusive. 


End  of  period. 


Total 
amount 

in 
cham- 
ber. 


Carbon  dioxid. 


Gain(  +  ) 
or  loss 
— )  over 
preced- 
ing pe- 
riod. 


Total 
amount 
of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Water. 


Gain(  +  ) 
or  loss 
(— )  over 
preced- 
ing pe- 
riod. 


Change 
in  weight 

of  ab- 
sorbers. 
Gain  (  +  ) 
or 

loss  (  — )  . 


Amount 
absorbed 
by  under- 
clothes. 


Total 
amount 
gained  (  +  ) 
or  lost  (  — ) 

d  uring 
the  period. 


Prelim  inary  to  exper- 
iment No.  35. 


7  p.  m  . 
9  p.  m  . 
11  p.  m 
1a.m. 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


Total 


9  a. 
11  a 
lp. 
3  p. 
5  p. 
7  p. 
9  p. 
lip 
1  a 
3  a 
5  a 
7  a 


m  . 
.  m 


.  m 
m  . 


Grains. 
34.4 
36.7 
37.3 
32.9 
24.8 
26.2 
26.7 


Grams. 


Experiment  No.  85. 

9  a.  m  

38.3 

11  a.  m  

38.8 

1  p.  m  

35.0 

3  p.  m  

44.8 

5  p.  m  

35.5 

7  p.  m  

38.8 

9  p.  m  

38.2 

37.0 

1  a.  m  

27.6 

26.9 

5  a.  m  

25.1 

7  a.  m  

24.6 

39.9 
35.2 
32.8 
48.9 
37.2 
36.2 
31.1 
36.4 
31.3 
27.9 
25.4 
25.8 


+  2.3 
+  .6 
-4.4 
-  8.1 
+  1.4 
+  .5 


Grams. 
44.2 
46.5 
45.5 
46.5 
44.8 
43.9 
37.8 


Grams. 


Grams. 


Grams. 


+2.3 
-1.0 
+1.0 
-1.7 
-  .9 
-6.1 


7.7 


-6.4 


+11.6 
+  .5 
-3.8 
+  9.8 
-9.3 
+  3.3 
-  .6 
-1.2 
-9.4 


45.3 
43.9 
41.1 
44.5 
41.9 
42.4 
42.9 
40.9 
38.1 
38.3 
35.0 
35.2 


+7.5 
-1.4 
-2.8 
+3.4 
-2.6 
+  .5 
+  .5 
-2.0 
-2.8 
+  .2 
-3.3 
+  .2 


2.1 


-2.6 


Total 


+15. 3 
-4.7 
-  2.4 
+16.1 
-11.7 
-1.0 
-5.1 
+  5.3 
-5.1 
-3.4 
-2.5 
+  .4 
+  1.2 


40.9 
35.7 
36.2 
43.7 
39.6 
39.0 
36.0 
36.5 
36.7 
35.5 
32.9 
34.2 


+5.7 
-5.2 
+  .5 
+7.5 
-4.1 
-  .6 
-3.0 
+  .5 
+  .2 
-1.2 
-2.6 
+  1.3 

-1.0 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


Carbon  dioxid. 


Water. 


End  of  period. 


Total 
amount 
in 

cham- 
!  ber. 


Total 

Gain(  +  )  amount  Gain( 

or  loss    of  va- 
(  — )  over  por  re- 
preced-  main- 
ing  pe-    ing  in 
riod.  cham- 
ber. 


J  Change 
or  loss  inJeQWht  Amount 

Wsr  —  ab?orbed 

ing  pe 
riod-    |  loss  ( 


rain  by  under- 
GalJr(  +)  clothes. 


Total 
amount 
gained  (  +  ) 
or  lost  ( - ) 

during 
the  period. 


Experiment  No.  35- 
Continued. 


9  a.  m. . 
11  a.  m. 
lp.m.. 
3  p.m.. 
5  p.m.. 
7  p.m.. 
9p.m.. 
11  p.m. 
la.  m.. 
3  a.  m.. 
5  a.  m. . 
7  a.  m.  _ 


Total 


9  a.  m. . 
11  a.  m. 
1p.m. 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 
11  p.  m 
la.  m. . 
3a.m.. 


Total,  1  day. . 
Total,  4  days. 
Experiment  Xo.  36. 


y  a.  m.. 
11  a.  m. 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
la.m.. 
3  a.m.. 
5  a.m.. 
7  a.  m. . 


Grams. 

Grams. 

Grams. 

40.4 

+14 

6 

39.9 

37.2 

-  3 

2 

37.0 

32,9 

-  4 

3 

35.2 

50.5 

+17 

6 

39.8 

36.7 

-13 

8 

38.5 

41.1 

+  4 

4 

39.8 

39.9 

-  1 

2 

39.5 

36.5 

-  3 

4 

36.4 

27.2 

-  9 

3 

35.7 

24.8 

-  2 

4 

34.1 

25.8 

+  1 

0 

35.5 

27.6 

+  1 

8 

37.0 

41.2 
42.6 
36.4 
42.6 
39.1 
36.2 
32.6 
34.2 
29.5 
28.9 
27.1 
28.0 


35.4 
32.6 
36.4 
33.3 
32.1 
31.3 
32.4 
25.1 
24.6 
23.6 
32.3 


+  1. 


+13. 
+  1. 

-  6. 
+  6. 

-  3. 

-  2. 


Total 


5.9 
1.5 
2.8 
3.8 
3.1 
1.2 

.8 
1.1 
7.3 

.  5 
1.0 
8.7 

4.3 


Grams. 
+5.7 
-2.9 
-1.8 
+4.6 
-1.3 
+1.3 

-  .3 
-3.1 

—  .7 
-1.6 
+1.4 
+1.5 


Grams.  Grams 


£>».0 

39.0 
37.8 
39.4 


35.9 
35.9 
35.9 
35.0 
33.6 
35.5 


-2.8 


+1. 


Grams. 


-1.2 
+1.6 
-1.1 
0.0 
-2.4 
0.0 
0.0 
-  .9 
-1.4 
+1.9 


-2.3 


35.7 
33.7 
33.1 
34.4 
33.3 
34.2 
33.6 
33.6 
33.6 
32.4 
32.0 
34.4 


+  .2 
-2.0 
-  .6 
+1.3 
-1.1 


0.0 
0.0 

-2.4 

-1.1 


6000— No.  136—03  15 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  vjater  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Total 
amount 

in 
cham- 
ber. 


Carbon  dioxid. 


Total 

Gain(+)  amount  Gain(  +  ) 


or  loss 
(— )  over 
preced 
ing  pe- 
riod. 


Water. 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


or  loss 
(— ) over 
preced- 
ing pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (+) 
or 

loss  (— ). 


Amount 
absorbed 
by  under- 
clothes. 


Total 
amount 
gained  (+) 
or  lost  (  — ) 

during 
the  period. 


12-13... 


Preliminary  to  ex- 
periment No.  37. 


i  p.  m  . 
9  p.  m  . 
11  p.  m 
1  a.  m. . 
3  a.  m. . 
5a.  m.. 
7a.m.. 


Total  

Experiment  No.  37. 

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  


9  a.  m  . 
11  a.  m 

I  p.  m. . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m. 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


9  a.  m  . 
11  a.  m. 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m. 
1  a.  m  . 


Grams. 
72.2 
42. 5 
43. 5 
29.0 
27.1 
24.1 
27.6 


-29. 
+  1. 
-14. 
-  1. 


3.  0 


Grams. 
41.9 
43.4 
41.1 
38.8 
39.8 
40.1 
41.4 


Grains. 


+  1.5 
-  2.3 
-2.3 
+  1.0 

+  .3 
+  1.3 


93.9 
103. 2 
81.2 
89.7 
127.3 
83.6 
54.3 
47.3 
29.8 
27.2 
25.8 
27.6 


+66. 
+  9. 
-22. 
+  8. 
+37. 
-43. 
-29. 

-17. 

-  2. 

-  1. 
+  1. 


53.0 
55.9 
50.9 
54. 1 
60.6 
56.9 
52.3 
48.3 
50.4 
50.7 
47.4 
48.9 


+  11.6 
+  2.9 

-  5.0 
+  3.2 
+  6.5 
-3.7 
-4.6 
-4.0 
+  2.1 
+  .3 

-  3.3 
+  1.5 


+  107 
+  418 
+  225 
+  85 
+  277 
+  211 
+  28 
0 

-  30 

-  30 
29 

-  29 


+  7.5 


+1, 233 


100.7 
125.0 
101.5 
124.9 
136.8 
97.5 
52.7 
43.7 
29.0 
24.8 
24.5 
26.2 


99.4 
138.6 
106.3 
112.5 
110.8 
90.0 
43.4 
41.6 
26.2 


+73.1 
+24.3 
-23.5 
+23.4 
+  11.9 
-39.3 
-44.8 
-9.0 
-14.7 
-4.2 
-  .3 
+  1.7 


57.4 
60.6 
57.5 
57.9 
59.5 
58.8 
50.5 
48.7 
49.9 
47.1 
45.6 
48.7 


+  8.5 
+  3.2 
-3.1 
+  .4 
+  1.6 
-  .7 
-8.3 
-1.8 
+  1.2 
-2.8 
-1.5 
+  3.1 


142 
340 
379 
241 
397 
296 
21 
14 
32 
32 
31 
31 


1.4 


+  1,704 


+73.2 
+39.2 
-32.3 
+  6.2 

-  1.7 
-20.8 
-46.6 

-  1.8 
-15.4 


54.0 
45.8 
52.6 
57.7 
57. 9 
58.2 
49.7 
50.7 
50.9 


+  5.3 
-8.2 
+  6.8 
+  5.1 
+  .2 
+  .3 
-8.5 
+  1.0 
+  .2 


149 

347 
364 
192 
396 
229 
7 
14 
34 


49 


59  I  +1,762. 


162. 3 
346.8 
378.8 
205.1 
404.2 
236.3 


+ 
+ 

-  1 


5 
13.0 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 


cham- 
ber. 


or  loss 
(  — )  over 
preced- 
ing pe- 
riod. 


Total 

Gain  (+ )  amount  Gain(  + ) 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


or  loss 
(  — )  over 
preced 
ing  pe 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (+) 
or 

loss  (— ). 


Amount 
absorbed 
by  under- 
clothes. 


Experiment  No.  37 
Continued. 


.|  3  a.  m 
5  a.  m 
I  7  a.  m 


Grams. 
24.9 
23.6 
24.5 


Grams. 

-  1.3 

-  1.3 
+  .9 


Grams. 
49.2 
47.4 
46.1 


Grams. 

-  1.7 

-  1.8 

-  1.3 


Grams. 


Grams. 


Total 


1.7 


2.6 


+1,53/ 


9a.m. 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5p.m. 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5a.m. 
7  a.  m  . 


88.0 
114.1 
89.3 
103.0 
106.0 
81.5 
44.0 
38.8 
25.9 
25.4 
23.1 
25.6 


+63.5 
+26.1 
-24.8 
+13.7 
+  3.0 
-24.5 
-37.5 

-  5.2 
-12.9 

-  .5 
-2.3 
+  2.5 


51.3 
52.6 
52.8 
56.4 
55.4 
51.7 
47.4 
45.2 
51.2 
47.6 
45.2 
46.3 


+  5.2 
+  1.3 
+  .2 
+  3.6 

-  1.0 
-3.7 
-4.3 
-2.2 
+  6.0 
-3.6 

-  2.4 
+  1.1 


78 
283 
229 
135 


+  283 

+  198 

+  7 
0 

-  32 

-  32 

-  32 

-  31 


Total  

Total,  4  days.  J  

Experiment  No.  38.  ==== 

9  a.  m   90. 5 

11  a.  m   101.1 

1  p.  m   93.5 

3  p.  m   101.7 

5  p.  m   111.7 

  80. 0 

  46. 3 

  37.3 

 j  28.0 

  26.1 

  26.4 

  26.2 


+  1.1 


+  .2 


+1, 


2.0 


+  4.9 


+5, 560 


7  p.  m  . 
9p.m. 
11  p.  m 
1  a.  m  . 
3a.m. 
5a.m. 
7  a.  m  . 


+64.9 
+10.6 
-10.6 
+11.2 
+10.0 
-31.7 
-33.7 
-9.0 
-9.3 
-1.9 
+  .3 
-  .2 


Total 


9a.m. 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3a.m. 
5a.m. 
7  a.  m  . 


Total 


81.8 
107.4 
87.7 
106.1 
111.2 
86.4 
48.9 
40.9 
28.2 
26.2 
25.3 
25.1 


+ 


+55.6 
+25.6 
-19.7 
+18.4 
+  5.1 
-24.8 
-37.5 

-  8.0 
-12.7 

-  2.0 


46.0 
49.6 
49.9 
53.1 
52.8 
51.8 
49.7 
46.3 
49.9 
51.4 
51.2 
47.6 


51.8 
53.8 
44.0 
56.7 
58.0 
53.1 
51.0 
50.5 
53.1 
48.9 
48.9 
48.1 


+  3.6 
+  .3 
+  3.2 

-  .3 

-  1.0 
-2.1 

-  3.4 
+  3.6 
+  1.5 

-  .2 
-3.6 


+  248 

+  252 

+  128 

+  312 

+  231 

+  14 
0 

-  42 

-  42 

-  42 

-  41 


+  1.3 


+1,082 


+  4.2 
+  2.0 

-  9.8 
+12.7 
+  1.3 
-4.9 
-2.1 

—  .  5 
4-2.6 
-4.2 

0 

-  .8 
+    .  5 


+  92 

+  312 

+  286 

+  156 

+  277 

+  297 

+  28 

-  15 

-  15 

-  15 

-  14 

+1, 382 


SO 


1S5 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Total 
amount 
in 
cham- 
ber. 


Carbon  dioxid. 


Gain(  +  ) 
or  loss 

(  — )  over 
preced 
ing  pe- 
riod. 


Total 
amount 
of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Water. 


Gain(  +  ) 
or  loss 

(  — )  over 
preced- 
ing pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain(  +  ) 
or 

loss  (  — ). 


Total 
Amount  amount 
absorbed  [gained  (  +  ) 
by  under- 
clothes. 


Experiment  No.  88- 
Continued. 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5a.m. 
7  a.  m  . 


Total 


9  a.  m 
11  a.  m  . 

I  p.  m  .. 
3  p.  m  .. 
5  p.  m  .. 
7  p.  m  .. 
9  p.  m  .. 

II  p.  m  . 
1  a.  m  .. 
3  a.  m  .. 
5  a.  m 

7  a.  m  . . 


Total 


Total,  4  days. 

Experiment  No.  39. 

9  a.  m  

11  a.  m  

I  p.m  

3  p.m  

5  p.m  

7  p.  m  

9  p.m  

II  p.m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  

Total  


Grams. 
83.1 
95.5 
81.7 
93.2 
100.7 
79.9 
45.8 
37.8 
26.6 
25.6 
23.2 
25.9 


82.0 
96.3 
75.1 
89.6 
97.5 
73.2 
44.2 
34.7 
26.9 
24.8 
21.7 
23.6 


29.8 
30.0 
28.0 
26.7 
26.3 
26.4 
29.2 
27.1 
24.1 
21.5 
23.0 
29.3 


Grams. 
+58.0 
+  12.4 
-13.8 
+11.5 
+  7.5 
-20.8 
-34.1 

-  8.0 
-11.2 

-  1.0 

-  2.4 
+  2.7 


Grams. 
54.5 
54.8 
53. 5 
55.8 
56.6 
54.0 
49.7 
48.3 
52.2 
51.2 
48.3 
47.4 


Grams. 
+  6.4 
+  .3 

-  1.3 
+  2.3 
+  ,8 

-  2.6 

-  4.3 

-  1.4 
+  3.9 
-1.0 

-  2.9 

-  .9 


Grams. 
+  78 
+  269 
+  268 
+  135 
+  312 


Grams. 


253 
21 
0 
25 
25 
25 
24 


.7 


+  1,237 


+56.1 
+  14.3 
-21.2 
+14.5 
+  7.9 
-24.3 
-29.0 
-9.5 
-7.8 
-2.1 
-3.1 
+  1.9 


2.3 


+  6.2 
+  .2 

-  2.0 
-1.3 

-  .4 
+  .1 
+  2.8 

-  2.1 
-3.0 
-2.6 
+  1.5 
+  6.3 


56.1 
53.5 
55.6 
56.7 
54.6 
48.1 
46.9 
50.2 
48.7 
45.6 
46.3 


+  5.9 
+  2.8 

-  2.6 
+  2.1 
+  1.1 
-2.1 

-  6.5 
-1.2 
+  3.3 
-1.5 
-3.1 
+  .7 


1.1 


44.5 
42.7 
43.5 
40.8 
41.7 
41.1 
42.2 
42.2 
38.1 
39.9 
38.6 
42.4 


-  1.8 
-1.8 
+  .8 

-  2.7 
+  .9 

-  .6 
+  1.1 

0.0 

-  4.1 
+  1.8 
-1.3 
+  3.8 


+  5.7 


3.9 


+  92 

+  269 

+  240 

+  142 

+  291 

+  215 

+  28 
7 

-  27 

-  27 

-  27 

-  26 


+4, 864 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Total 
amount 

in 
cham 
ber. 


Carbon  dioxid. 


Water. 


Total 

Gain  ( + )  amount  Gain  ( + ) 
or  loss  j  of  va-    or  loss 
(  — )  over:  por  re 


preced- 
ing pe- 
riod. 


mam- 
ing  in 
cham- 
ber. 


Change 
in  weight 
of  ab 


(-  over  <,nrbprs 


riod. 


or 

*  (-)• 


Amount 
absorbed 
by  under- 
clothes. 


Preliminary  to  ex- 
periment No.  hO. 


7  p.m.. 
9  p.m.. 
11  p.m. 
1  a.  m. . 
3  a.m.. 
5  a.m.. 
7  a.m.. 


Total  

Experiment  No.  hO. 

9  a.  m  

11  a.  m  

I  p.m  

3  p.m  

5  p.m  

7  p.m  

9  p.m  

II  p.m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  


Total 


9  a.m.. 
11  a.m. 

I  p.m.. 
3  p.m.. 
b  p.m.. 
7  p.m.. 
9  p.m.. 

II  p.m. 
1  a.  m. . 
3  a.m.. 
5  a.m.. 
7  a.m.. 


Total 


9  a.m.. 
11  a.m. 

I  p.  m  . 
3p.m. 
5  p.  m  . 
7  p.  m  . 
9p.m. 

II  p.  m 
1  a.m.. 


Grams. 
42.4 
45.0 
41.4 
29.8 
28.2 
25.4 
26.9 


112.1 
144.7 
114.9 
135.6 
141.6 
92.4 
52.2 
43.7 
29.7 
26.4 
25.4 
27.9 


87.7 
135.6 
106.3 
120.8 
139.7 
98.4 
51.7 
41.9 
29.8 
27.1 
27.1 
25.8 


105.1 
142.0 
109.1 
124.7 
143.1 
96.7 
53.8 
43.0 
30.2 


Grams. 

+  2.6 

-  3.6 
—11.6 

-  1.6 

-  2.8 
+  1.5 


Grams. 
41.7 
40.9 
39.0 
44.2 
41.7 
39.8 
38.3 


Grams. 


Grams. 


Grams. 


0.8 
1.9 
5.2 
2.5 
1.9 
1.5 


-15.5 


+85.2 
+32.6 
-29.8 
+20.7 
+  6.0 
-49.2 
-40.2 
-8.5 
-14.0 
-3.3 
-1.0 
+  2.5 


55.4 
56.1 
51.2 
58.5 
57.  5 
53.8 
47.8 
45.0 
50.2 
47.4 
46.8 
47.1 


+17.1 

+  .7 
-4.9 
+  7.3 

-  1.0 
-3.7 
-6.0 
-2.8 
+  5.2 
-2.8 

-  .6 
+  .3 


+  1.0 


+ 


+59.8 
+47.9 
-29.3 
+14.  5 
+18.9 
-41.3 
-46.7 
-9.8 
-12.1 
-2.7 
0.0 
-  1.3 


54.1  I 

55.7 

54.8 

55.7 

58.0 

55.1 

48.3 

45.6 

51.3 

47.6 

46.8 

43.5 


+  7.0 
+  1.6 

-  .9 
+  .9 
+  2.3 
-2.9 
-6.8 
-2.7 
+  5.7 
-3.7 

-  .8 
-3.3 


-2.1 


+79.3 
+36.9 
-32.9 
+15.6 
+18.4 
-46.4 
-42. 9 
-10.8 
-12. 8 


53.3 
55.6 
54.8 
56.4 
55.4 
54.4 
48.9 
47.6 
49.9 


+  9.8 
+  2.3 

-  .8 
+  1.6 
-1.0 
-1.0 
-5.5 

-  1.8 
+  2.3 


156 
432 
425 
255 
458 
305 
15 
7 
14 
14 
14 
15 


+  1,996 


+  114 

+  397 


213 
440 
347 
0 
49 
26 
26 
27 
27 


+1,822 


142 
433 
355 
206 
411 
312 
7 

14 
21 


+43 


+42 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid.  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Experiment  No.  h0 — 
Continued. 


3  a.  m. 
5  a.  m. 
7  a.  m. 


Total 


9  a.m  

11  a.m... 

I  p.  m  . ... 
3  p.  m  ... 
5  p.  m  ... 
7  p.  m  ... 
9p.m... 

II  p.  m 

1  a.m  

3  a.m  

5  a.  m  

7  a.  m  


Total  

Total,  4  days. 

Experiment  No.  hi. 

9  a.m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  

3  a.m  

5  a.m  

7  a.  m  


Total 


9  a.m.. 
11  a.m. 

I  p.  m  . 
3p.m. 
5  p.  m  . 
7p.m. 
9  p.  m  . 

II  p.  m 
1a.m.. 
3  a.  m. . 
5a.m.. 
7  a.m.. 


Total 


Carbon  dioxid. 


Total 
imount 

in 
cham- 
ber. 


Gain(  +  ) 
or  loss 
(  — )  over 
^preced- 
ing pe- 
riod. 


Grams. 
27  A 
24.3 
27.2 


106.6 
144.6 
112.8 
123.4 
144.7 
101.9 
52.8 
44.7 
32.1 
27.9 
26.6 
26.6 


109.2 
133.2 
98.9 
121.9 
131.4 
97.6 
48.9 
39.1 
33.4 
27.9 
26.6 
26.9 


92.9 
119.3 
95.2 
111.5 
126.8 
92.9 
48.7 
37.3 
29.2 
27.9 
26.1 
29.0 


Grams. 

-  2.8 

-  3.1 
+  2.9 


1.4 


Water. 


Total 
amount 
of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Grams. 
47.9 
43.7 
45.2 


+79.4 
+38.0 
-31.8 
+10.6 
+21.3 
-42.8 
-49.1 
-8.1 
-12.6 
-4.2 
-  1.3 
0.0 


58.7 
54.8 
56.4 
58.5 
54.3 
47.6 
45.8 
50.2 
49.7 
48.9 
46.8 


+82.6 
+24.0 
-34.3 
+23.0 
+  9.5 
-33.8 
-48.7 

-  9.8 
-5.7 

-  5.5 

-  1.3 


+66.0 
+26.4 
-24.1 
+16.3 
+15.3 
-33.9 
-44.2 
-11.4 
-8.1 
-1.3 
-  1.8 
+  2.9 


+  2.1 


56.7 
56.1 
56.4 
59.5 
59.2 
56.7 
49.6 
47.3 
52.3 
50.0 
49.7 
48.9 


53.8 
57.1 
55.4 
56.4 
60.0 
56.4 
50.2 
46.6 
48.7 
51.5 
47.6 
48.4 


Gain(  +  ) 
or  loss 

(  — )  over 
preced 
ing'pe 
riod. 


Grams. 

-  2.0 

-  4.2 
+  1.5 


+  1.7 


+  8.6 
+  4.9 
-3.9 
+  1.6 
+  2.1 
-4.2 
-6.7 
-1.8 
+  4.4 

-  .5 

-  .8 
-2.1 


+  1.6 


+  8.5 


+  9.9 

-  .6 
+  .3 
+  3.1 

-  .3 

-  2.5 
-7.1 
-2.3 
+  5.0 
-2.3 


+  2.1 


+  4.9 
+  3.3 
-1.7 
+  1.0 

+  3.6 
-3.6 
-  6.2 
-3.6 
+  2.1 
+  2.8 
-3.9 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (  + 

or 
loss  (— ) 


Gi^ams. 

-  21 

-  21 

-  22 


+1, 795 


128 
404 
390 
171 
433 
368 
14 
14 
26 
26 
27 
27 


+1,816 


+7,429 


142 
454 
354 
213 
461 
340 
35 
21 
21 
21 
21 
22 


+1, 935 


142 
411 

376 
192 
426 
347 
28 
14 
23 
23 
23 
23 


+1, 844 


Amount 
absorbed 
by  under- 
clothes. 


Grams. 


+  41 


+  47 


+173 


Total 
amount 
gained  ( + ) 
or  lost  ( — ) 

during 
the  period . 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the.  chamber 
at  the  beginning  and  end.  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 


cham- 
ber. 


Total  ' 
Gain(  +  )  amount  Gain(+) 
or  loss    of  va-  j  or  loss 
(  — )over  por  re- (— )  over 
preced-   main-  preced 
ingpe-    ingin  !  ing  pe- 
riod,    cham-  riod 
ber. 


Water. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (+) 
or 

loss  (  — ). 


Total 
Amount  amount 
absorbed  gained  ( + ) 


by  under- 
clothes. 


or  lost  ( — ) 

during 
the  period. 


Experiment  No.  kl- 
Continued. 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5p.m. 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 


Total 


11  a.  m 
lp.m. 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 
11  p.  m 
1  a.  m  . 
3  a.  m  . 
5a.m. 
7  a.  m  . 


Total  

Total,  4  days. 

Experiment  No.  UZ. 

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  


Grams. 
103.7 
126.8 
95.0 
109.7 
122.6 
86.2 
51.5 
39.9 
29.2 
26.4 
25.1 
26.2 


103.2 
143.3 
112.9 
120.4 
129. 1 
86.9 
47.4 
38.8 
29.2 
29.3 
23.6 
24.6 


33.1 
30.0 
28.5 
27.7 
25.9 
27.4 
25.6 
24.8 
24.0 
23.1 
24.0 
24.4 


Total 


Grams. 
+74.7 
+23.1 
-31.8 
+14.7 
+12.9 
-36.4 
-34.7 
-11.6 
-10.7 

-  2.8 

-  1.3 
+  1.1 


Grams. 
55. 7 
57.4 
55.9 
56.4 
57.4 
55.1 
50.4 
46.5 
50.5 
49.2 
47.9 
48.2 


Grams. 


Grams. 


+  7.3 
+  1.7 
-1.5 
+  .5 
+  1.0 
-2.3 
-4.7 
-3.9 
+  4.0 
-1.3 
-1.3 


312 
468 
376 
177 
411 
333 
28 
28 
23 
23 
23 
23 


Grams. 
11 
11 
11 
11 
11 
11 


2.8 


+2, 041 


+77.0 
+40.1 
-30.4 
+  7.5 
+  8.7 
-42.2 
-39.5 
-8.6 
-9.6 
+  .1 
-5.7 
+  1.0 


59.0 
61.6 
58.3 
59.0 
57.2 
55.4 
50.5 
48.4 
48.9 
52.6 
51.3 
48.2 


+10.8 

-  2.6 
-3.3 
+  .7 
-1.8 
-1.8 
-4.9 

-  2.1 
+  .5 


+  213 
+  524 
+  526 


+ 


220 
439 
291 
35 
14 
21 
21 
21 
22 


1.6 


+2, 177 


2.0 


+  8.5 
-3.1 
-1.5 

-  .8 

-  1.8 
+  1.5 
-1.8 


+  .9 
+  .4 


+  1.4 


+7,997 


46.8 
46.1 
46.6 
43.4 
42.4 
44.3 
42.4 
40.3 
40.3 
37.2 
37.6 


-1.4 

-  .7 
+  .5 

-  3.2 
-1.0 
+  1.9 
-1.9 
-2.1 

0.0 

-  3.1 
+  .4 
+  1.0 


9.6 


-  141 


Grams. 

+  330.3 

+  480. 7 

+  385.5 

+  188.5 

+  423.0 

+  341.7 

+  23.3 

+  24.1 

-  19.0 

-  24.3 

-  24.3 

-  22.7 


+  66  j  +2,106.8 


231.8 
534.6 
530.7 
228.7 
445.2 
296.2 
30.1 
11.9 
20.5 
17.3 
22.3 
25.1 


+2, 224. 0 


+218  +8,216.4 


8.4 
7.7 
7.5 
22.2 
20.0 
17.1 
9.9 
10.1 
8.0 
11.1 
7.6 
8.0 


+  13 


137.6 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 

in 
cham- 
ber. 


Experiment  No.  US. 

Grams. 

7  a.  m  

26.9 

9  a.  m  

97.0 

11  a.  m  

120.1 

1  p.  m  

94.2 

139. 2 

137.4 

7  p.  m  

90.0 

48.9 

11  p.  m  

41.2 

1  a.  m  

29.7 

3  a.  m  

28.0 

5  a.  m  

25.6 

7  a.  m  

26.7 

Total 

Gain  ( + )  amount  Gain  ( + ) 


or  loss 
( — )  over 
preced 
ing  pe- 
riod. 


Grams. 


+70.1 
+23. 1 
-25. 9 
+45. 0 
-1.8 
-41.4 
-47.1 

-11.5 
-1.7 
-2.4 
+  1.1 


Water. 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Gra7us. 
40.1 
50.9 
52.  6 
51.5 
63.1 
60.0 
54.1 
48.7 
46.5 
45.0 
48.1 
46.0 
43.5 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


101. 

95. 
130. 

98. 
120. 

50. 

39. 

28. 

26. 

26. 

26. 


Total 


Apr.  1-2  i  9  a.  m  . 

11  a.  m 
1  p.  m  . 
3  p.  m  . 
5  p.  m  . 


143. 
91. 
112. 
123. 


+66.5 
+34.9 
-31.4 
+  8.7 
+  6.9 
-33.7 
-28. 1 
-7.3 
-13.9 
-  1.1 
-2.0 
+  1.5 


+  1.0 


55.4 
57.4 
55.6 
56.1 
55.3 
53.6 
49.9 
47.9 
48.7 
47.4 
46.3 
50.7 


+68.5 
+  8.0 
-9.2 
+  35.9 
-32.6 
+21.7 
-69.6 
-10.6 
-10.9 
-2.7 
+  .7 
—    .  5 


+65.8 
+51.4 
-52.2 
+21.1 
+  11.4 


54.4 
50.7 
53.8 
58. 5 
55.9 
54.6 
47.9 
45.0 
48.9 
48.4 
49.5 
46.6 


53.5 
59.0 
53.5 
55.1 
54.6 


or  loss 
(  — )  over 
preced 
ing  pe- 
riod. 


+10.8 
+  1.6 
-1.0 
+11.6 
-3.1 
-5.9 
-5.4 
-2.2 
-  1.5 
+  3.1 
-2.1 
-2.5 


Change 
in  weight 
of  ab- 
sorbers 
Gain  (+) 
or 

loss  (-), 


+11.9 
+  2.0 
-1.8 
+  .5 

-  .8 

-  1.7 
-3.7 
-2.0 
+  .8 

-  1.3 
-.1.1 
+  4.4 


7.2 


+  3.7 
-3.7 
+  3.1 
+  4.7 
-2.6 
-1.3 
-6.7 
-2.9 
+  3.9 
-  .5 
+  1.1 
-2.9 


4.  1 


+  6.9 
4  5.5 
-5.5 
+  1.6 


179 
504 
418 
231 
389 
202 
21 
35 
14 
14 
14 
14 


+1,923 


208 
389 
289 
282 
490 
259 
35 
28 
21 
21 
22 
22 


+  1,894 


158 
433 
288 
217 
360 


Amount 
absorbed 
by  under- 
clothes. 


+68 


+28 


+33 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


Date . 


End  of  period. 


Carbon  dioxid. 


Water. 


aiTnt(  )ovlr 


cham- 
ber. 


preced- 
ing pe- 


Total 
amount 
of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Gain(+) 
or  loss 

(  — )  over 
preced 
ing  pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  ( + ) 
or 

loss  (— ). 


Total 
Amount  amount 
absorbed  gained  ( + ) 
b5r  under-  or  lost  (  — ) 
clothes.  during 
the  period. 


1901. 
Apr.  1-2. 


4-5. 


Experiment  No.  L3- 
Continued. 


7  p.  m  . 
9  p.  m  . 
11  p.  m 
1  a.  m  . 


5  a.  m 
7  a.  m 


Total  

Total,  4  days. 
Experiment  Xo.  UU. 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9p.m. 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 


Total 


Grams. 
89.2 
50.9 
44.5 
30.5 
26.1 
26.4 
25.6 


Total 


9  a.  m  . 
11  a.  m 
1  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 


94.0 
123.1 
98.3 
118.3 
147.3 
126. 5 
62.6 
52.2 
34.9 
26.4 
29.0 
28.4 


9  a.  m  

96.5 

11  a.  m  

135. 1 

1  p.  m  

110.3 

3  p.  m  

137.6 

5  p.  m  

154.8 

7  p.  m  

103.2 

9  p.  m  

57.9 

11  p.  m  

50.4 

1  a.  m  

31.0 

3  a.  m  

27.7 

5  a.  m  

27.5 

7  a.  m  

26.7 

103.8 
127.  6 
101.2 
131.4 
159.4 
102.5 


Grams. 
-34.7 
-38.3 

-  6.4 
-14.0 

-  4.4 


Grams. 
52.0 
47.8 
47.9 
49.7 
49.4 
46.9 
46.1 


Grams. 
-2.6 
-4.2 
+  .1 
+1.8 
-  .3 
-2.5 


Grams. 

+  339 

+  28 

+  21 

-  10 

-  10 

-  11 

-  11 


Grams. 


+1, 802 


1.3 


+6.0 


+7, 832 


+68.4 
+29.1 
-24.8 
+20.0 
+29.0 
-20.8 
-63.9 
-10.4 
-17.3 
-  8.5 
+  2.6 


51.0 
52.6 
51.7 
53.6 
58.3 
53.3 
50.9 
50.0 
52.3 
50.4 
49.4 
48.1 


+4.9 
+1.6 

-  .9 
+1.9 
+4.7 
-5.0 
-2.4 

-  .9 
+2.3 
-1.9 
-1.0 
-1.3 


143 
347 
324 
188 
410 


+  2.1 


+2.0 


+1,894 


+68.1 
+38.6 
-24.8 
+27.3 
+17.2 
-51.6 
-45.3 
—  7.5 
-19.4 


49.2 
52.3 
53.3 
58.3 
53.8 
51.5 
46.9 
44.8 
45.0 
46.8 
46.9 
45.6 


+1.1 
+3.1 
+1.0 
+5.0 
-4.5 
-2.3 
-4.6 
-2-1 
+  .2 
+1.8 
+  .1 
-1.3 


143 
354 


210 


1.7 


-2.5 


+1, 859 


+77.1 
+23.8 
-26.4 
+30.2 
+28.0 
-56.9 


50.9 
54.8 
53.1 
58.5 
61.1 
55.9 


+5.3 
+3.9 
-1.7 
+5.4 
+2.6 
-5.2 


143 
375 
331 


+  238 


497 
331 


+170 


+111 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dio.rid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 

in 
cham 
ber. 


Gain(  +  ) 
or  loss 
(— ) over 
preced- 
ing pe- 
riod. 


Total 
amount 
of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Water. 


Gain(  +  ) 
or  loss 
(— ) over 
preced- 
ing pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain(+) 
or 

loss  (  — ). 


Amount 
absorbed 
by  under- 
clothes. 


Total 
amount 
gained  (+) 
or  lost ( -  ) 

during 
the  period. 


Experiment  No.  hh — 
Continued. 


9  p.  m  . 
11  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


9  a. 
11  a 
ip. 
3  p. 
5  p. 
7  P. 
9  p. 
lip 
1  a. 
3  a. 
5  a. 
7  a. 


Total  

Total,  4  days. 

Experiment  No.  L5. 

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  


Total 


Experiment  No.  U6. 

7  a.  m  

9  a.  m  

11  a.  m  

1  p.  m  

3  p.  m  

5  p.  m  


Grams. 
58.7 
49.7 
30.5 
25. 9 
28.0 
27.7 


102.  7 
139.7 
112.5 
133. 8 
148.8 
113.9 
61.1 
49.1 
30.8 
27.9 
26.4 
25.3 


95.7 
125.5 
101.9 
116.4 
123.4 
86.9 
49.1 
40.6 
29.5 
29.7 
27.2 
26.1 


32.3 
102.5 
140.5 
107.7 
118.0 
141.0 


Grams. 
-43.8 

-  9.0 
-19.2 

-  4.6 
+  2.1 

-  .3 


Grams. 
48.4 
47.4 
44.7 
44.3 
44.8 
45.0 


Grams. 
-7.5 
-1.0 
-2.7 

—  .4 
+  .5 
+  .2 


Grams. 

+  43 

+  14 

-  19 

-  20 

-  20 

-  20 


Grams. 


1.0 


+1, 


+75.0 
+37.0 
-27.2 
+21.3 
+  15.0 
-34.9 
-52. 8 
-12.0 
-18.3 
-2.9 
-  1.5 
-1.1 


52.8 
55.2 
53.3 
58.3 
57.4 
55.9 
49.5 
49.1 
52.0 
49.4 
49.5 
46.6 


+7.8 
+2.4 
-1.9 
+5.0 

-  .9 
-1.5 
-6.4 

-  .4 
+2.9 
-2.6 
+  .1 


173 

452 
■117 
252 
482 
445 
42 


2.4 

TIF 


+1.6 


+2, 


+7, 909 


+70.4 
+29.8 
-23.6 
+14.5 
+  7.0 
-36.5 
-37.8 
-8.5 
-11.1 
+  .2 
-2.5 
-  1.1 


53.3 
55.1 
54.0 
56.7 
56.1 
53.8 
48.9 
47.4 
43.7 
49.1 
46.3 
44.2 


+6.7 
+1.8 
-1.1 
+2.7 
-  .6 
-2.3 
-4.9 
-1.5 
-3.7 
+  5.4 
-2.8 
-2.1 


+  144 

+  '  425 

+  404 

+  217 

+  425 

+  281 

+  36 

+  21 

-  12 

-  12 

-  13 

-  13 


-2.4 


1,903 


+70.2 
+38.0 
-32.8 
+10.3 
+23.0 


54.8 
62.3 
64.9 
65.7 
66.7 
68.9 


+7.5 
+2.6 
+  .8 
+1.0 
+2.2 


230 
528 
432 
258 
493 


+  87 


+303 


65 


37.4 
37.5 
37.4 
37.5 
37.5 


a  In  experiments  Nos.  46,  47,  and  48  the  figures  in  this  column  include  the  water  collected  in  a  small 
bottle  under  the  incoming  water  pipe. 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Total 
amount 

in 
cham- 
ber. 


Experiment  No.  h6- 
Continued. 


7  p.  m  . 
9p.m. 
11  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


9  a. 
11  a. 

iP. 

3  p. 
5  p. 
7  p. 
9  p. 
11  p 
1  a. 
3  a. 
5  a. 
7  a. 


Total 


9  a.  m  . 
11  a.  m 
lp.m. 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 
11  p.  m 
1  a.  m  . 
3a.m. 
5  a.  m  . 
7  a.  m  . 


Total 


9  a.  m  . 
11  a.  m 
lp.m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 
11  p.  m 
1  a.  m  . 


Carbon  dioxid. 


Grams. 
110.2 
55.4 
43.2 
32.1 
31.9 
29.0 
28.8 


99.3 
129.7 
104.0 
118.7 
130.4 
96.3 
54.1 
44.7 
33.9 
30.3 
29.7 
28.4 


96.5 
124.5 
103.5 
117. 2 
134.6 
100.1 
53.9 
45.6 
33.4 
30.2 
29.0 
26.7 


94.0 
121.4 
101.1 
115.9 
132.2 
96.8 
56.4 
47.6 
33.7 


Total 

Gain(  + )  amount  Gain  ( 4- ) 
of  va- 
por re- 
main- 
ing in 


or  joss 
(— ) over 
preced- 
ing pe- 
riod. 


Grams. 
-30.8 
-54.8 
-12.2 
-11.1 

-  .2 

-  2.9 


Water. 


cham- 
ber. 


Grams. 
67.8 
59.8 
57.4 
60.8 
62.3 
58.3 
57.2 


3.5 


+70.5 
+  30.4 
-25.7 
+14.7 
+11.7 
-34.1 
-42.2 

-  9.4 
-10.8 
-3.6 

-  .6 
-1.3 


+68.1 
+28.0 
-21.0 
+13.7 
+17.4 
-34.5 
-46.2 
-8.3 
-12.2 
-3.2 
-  1.2 
-2.3 


65.4 
68.5 
63.6 
66.8 
69.8 
66.5 
61.3 
60.3 
63.7 
63.9 
61.0 
57.4 


64.4 
68.1 
64.4 
67.0 
69.4 
68.1 
57.4 
54.6 
62.3 
61.9 
58.2 
53.6 


1.7 


+67.3 
+27.4 
-20.3 
+14.8 
+16.3 
-35.4 
-40.4 
-8.8 
-13.9 


60.8 
64.1 
65.5 
67.5 
67.5 
65.4 
59.0 
58.4 
62.1 


or  loss 
(  — )  over 
preced 
ing  pe 
riod. 


Grams. 

-  1.1 

-  8.0 

-  2.4 
+  3.4 
+  1.5 

-  4.0 

-  1.1 


+  2.4 


+  8.2 
+  3.1 
-4.9 
+  3.2 
+  3.0 
-3.3 
-5.2 
-1.0 
+  3.4 
+  .2 
-2.9 
-3.6 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (  +  ) 
or 

is  (-). 


Amount 

abs< 

by  under 
clothes. 


Grams. 
+  459 
+  49 
+  34 


+2,449 


+  7.0 
+  3.7 
-3.7 
+  2.6 
+  2.4 
-1.3 
-10.7 
-2.8 
+  7.7 
-  .4 
-3.7 
-4.6 


194 
445 
124 
265 
451 
348 
35 
21 


+2,148 


452 
417 
230 


|  +2,141 


+  7.2 
+  3.3 
+  1.4 
+  2.0 


-2.1 
-6.4 


+  3.7 


160 
431 


+  223 

+  466 

+  327 

+  42 

+  14 

-  8 


Total 
amount 
orbed  gained  (  +  ) 
or  lost  (  — ) 

during 
the  period. 


Grains. 
37.4 


224.  7 


37.6 
37.7 
37.6 
37.6 
37.6 
37.6 


225.7 


34.1 
34.2 
34.1 
34.2 
34.1 
34.1 


2111. 


25.8 
25.8 
25.7 
25.8 
25.8 
25.8 


Grams. 


+ 

495.3 

+ 

41.0 

+ 

31.6 

4.6 

6.5 

13.0 

10.1 

+2,676.1 


239. 8 
485.8 
456.7 
305.8 
491.6 
382.3 
29.8 
20.0 


8.8 

-  11.9 

-  12.6 


+2,373.9 


249. 1 
489.9 
447.4 
266.8 
516.5 
365.8 
30.3 
19.2 
2.3 
10.4 
14.7 
15.6 


+2, 342. 0 


193.0 
460.1 
416.1 
250.8 
491.8 
350.7 
35.6 
13.4 
4.3 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc.—  Continued. 


End  of  period. 


Carbon  dioxid. 


Total  | 
amount  Gain(  + 


Water. 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


or  loss 
( — )  over 
preced- 
ing pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (  +  ) 
or 

loss  (-). 


Amount 
absorbed 
by  under- 
clothes. 


Experiment  No.  AG- 
Continued. 


3  a.  m  

5  a.  m  

7  a.  m  

Total  

Total,  4  days. 

Experiment  No.  U7. 


9  a.  m  . 
11  a.  m. 
lp.m. 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9  p.  m  . 
11  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


8-9.... 


9  a. 
11  a 
lp. 
3  p. 
5  p. 
7  p. 
9  p. 
lip 
1  a 
3  a 
5  a 
7  a 


9  a.  m  . 
11  a.  m. 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9p.m. 

II  p.  m 
1  a.  m  . 
3  a.  m  . 


Grams. 
28.5 
28.7 
28.2 


101.4 
153.  5 
115.9 
129.  7 
149.8 
110.0 
56.7 
51.5 
38.0 
30.5 
29.7 
30.2 


105. 0 
145.7 
116.2 
129.4 
147.0 
108.5 
59.3 
50.0 
34.1 
28.7 
28.5 
29.3 


Grams. 

-  5.2 
+  .2 

-  .5 


115.1 
149.6 
114.9 
124.4 
142. 9 
101.5 
63.7 
53.0 
34.4 
32.1 


Grams. 
58.2 
56.9 
55.3 


Grams. 


1.8 
1.6 


Grams. 

-  9 

-  9 

-  9 


Grams. 


+  1.5 


+  1.7 


+2,017 


+8, 755 


+73.2 
+52. 1 
-37.6 
+  13.8 
+20. 1 
-39.8 
-53. 3 

-  5.2 
-13.5 
-7.5 

-  .8 
+  .5 


62.6 
68.3 
65.4 
68.5 
70.1 
67.0 
56.1 
55.6 
63.7 
61.6 
58.7 
55.1 


+  2.0 


+74.8 
+40.7 
-29.  5 
+  13.2 
+17.6 
-38.5 
-49.2 
-9.3 
-15.9 

-  5.4 

-  .2 
+  .8 


+85.8 
+34.5 
-34.7 
+  9.5 
+  18.5 
-41.4 
-37.8 
-10.7 
-18.6 
-2.3 


67.1 
69. 4 
68.5 
68.8 
69.1 
65.4 
61.1 
58.5 
62.9 
60.6 
57.7 
54.3 


67.1 
71.7 
67.0 
66.5 
67.1 
68.0 
63.2 
59.5 
67.8 
57.5 


+  7.3 
+  5.7 
-2.9 
+  3.1 
+  1.6 
-3.1 
-10.9 

-  .5 
+  8.1 

-  2.1 
-2.9 
-3.6 


167 
480 


+  452 
+  243 
+  466 
+  362 
+  34 
+  15 
7 
7 
7 
7 


+2,191 


-  3 

-  4 

-  2 
+  4 

-  2, 

-  2 


+12. 


+  8. 
-10. 


167 
500 
446 
243 
445 
368 
34 
29 
17 
17 
18 
18 


+2, 162 


+  181 

+  522 


«In  experiments  Nos.  46,  47,  and  48  the  figures  in  this  column 
small  bottle  under  the  incoming  water  pipe. 


h  444 

h  236 

h  425 

r  340 

r  41 

-  35 

-  14 

-  14 
nclude  the 


154.7 


33.2 
33.2 


33.2 


199. 


25.8 
25.8 
25.7 
25.8 
25.8 
25.8 


154.7 


219.9 
552.8 
465.4 
261.7 
451.8 
367.0 
36.2 
31.3 
5.7 
24.3 

water  collected  in  a 


26.1 
26.2 
26.1 
26.2 
26.2 
26.1 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


Carbon  dioxid. 


Total 
amount  Gain( 
of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Water. 


or  loss 
(  — )  over 
preced- 
ing pe- 
riod. 


Change  ! 

Amount 

sorbers. 
Gain  (  + 

or 
loss  (— ) 


Total 
amount 
absorbed  gained  (+) 
bv  under- or  lost  (— ) 


clothes. 


during 
the  period. 


Grams. 

-  1.9 

-  2.3 


Grams. 

-  14 

-  14 


Grams. 


1.0  +2,168 


156/ 


+13.0 
+  .7 
+  1.3 
+  .5 
+  1.4 
-2.9 
-5.9 
-  .9 
+  2.1 
-2.0 
-1.3 
-3.1 


194 
515 
445 
237 
522 
417 
34 
35 
12 
12 
12 
13 


+  2.  9      +2, 350 


+  7. 
+  4. 


+8, 871 


+  174 

+  466 

+  417 

+  236 

+  486 


Total 


Experiment  No.  U9. 
7  a.  m  


+2, 182 


I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

I  1  a.  m  

a  In  experiments  Nos.  46,  47,  and  48  the  figures 
small  bottle  under  the  incoming  water  pipe. 


29.0 

31.5 

105. 5 

+76.5 

57.0 

+25.5  ! 

+ 

184 

11.5 

+ 

221.0 

128.1 

+22.6 

52.2 

-  4.8 

+ 

362 

11.5 

+ 

368.7 

109.2 

-18.9 

54.0 

+  1.8 

+ 

313 

11.5 

+ 

326.3 

136.9 

+27.7 

56.7 

+  2.7 

+ 

271 

11.4 

+ 

285. 1 

168.0 

+31.1 

62.4 

+  5.7 

+ 

497 

11.4 

+ 

514.1 

119.8 

-48.2 

56.1 

-  6.3 

+ 

462 

11.4 

+ 

467.1 

61.0 

-58.8 

54.6 

-  1.5 

+ 

57 

+ 

55.5 

53.8 

-  7.2 

52.8 

-  1.8 

+ 

21 

+ 

19.2 

37.5 

-16.3 

55. 1 

+  2.3  1 

+ 

4 

+ 

6.3 

32.9 
33.0 
32.9 
33.0 
33.0 
32.9 


+197.7 


a  21. 5 
21.6 
21.5 
21.6 
21.5 
21.5 


129.2 


in  this  column  include  the  water  collected 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Total 
amount 

in 
cham 
ber. 


Carbon  dioxid. 


Total  | 
Gain  ( + )  amount  Gain(  + ) 


or  loss 
( — ) over 
preced 
ing  pe- 
riod. 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


or  loss 
(  — )  over 
preced- 
ing pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  ( + ) 
or 

loss  (— ). 


Total 
Amount  amount 
absorbed  gained  ( + ) 
by  under-  or  lo?t  ( — ) 
clothes.  during 
the  period. 


Experiment  No. 
1902.  Continued. 


Mar.  27-28... j  3  a.  m 
5  a.  m 
7  a.  m 


Grams. 
31.1 
32.8 
32.8 


Grams. 
-  6.4 
+  1.7 
0.0 


Total 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9p.m. 

II  p.  m 
1  a.  m  . 
3a.m. 
5  a.  m  . 
7  a.  m  . 


100.9 
138.5 
145.2 
125.3 
149.1 

62.9 
48.3 
37.2 
30.8 
29.8 
32.1 


Total 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 
9p.m. 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


Total,  3  days. 
Experiment  No.  50. 

9  a.  m  

11  a.  m  

I  P.  m  

3  P.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  


Total 


113.9 
128.1 
111.2 
120.6 
155.2 
117. 2 
71.6 
52.2 
36.8 
33.3 
31.6 
33.3 


91.8 
122. 4 
121.9 
97.6 
57.9 
42.4 
36.5 
38.8 
31.3 
28.5 
29.0 
29.0 


Grams. 
52.8 
51.5 
51.0 


u  rams. 

-  2.3 
-1.3 

-  .5 


Grams. 
+  4 
+  3 

+  3 


Grams. 


+  3.8 


+19.5 


+2, 181 


68.7 


+68.1 
+37.6 
+  6.7 
-19. 9 
+23.8 
-50.5 
-35.7 
-14.6 
-11.1 
-6.4 
-  1.0 
+  2.3 


51.8 
58.8 
54.1 
55.1 
57. 7 
56.2 
51.8 
51.8 
53.8 
53.1 
50.2 
50.2 


+  -8 
+  7.0 
-4.7 
+  1.0 
+  2.6 
-1.5 
-4.4 

0.0 
+  2.0 
-  .7 
-2.9 

0.0 


127 
398 
327 
220 
441 
284 
36 
21 
2 
2 
2 
1 


2.7 
2.6 
2.6 
2.6 
2.6 
2.6 


+1, 


+81.8 
+  14.2 
-16.9 
+  9.4 
+34.6 
-38.0 
-45. 6 
-19.4 
-15.4 
-3.5 
-1.7 
+  1.7 


51.5 
49.9 
52.3 
51.7 
59.7 
58.2 
53.5 
48.2 
53.8 
55.7 
52.2 
50.0 


+  1.3 
-1.6 
+  2.4 

-  .6 
+  8.0 
-1.5 
-4.7 
-5.3 
+  5.6 
+  1.9 

-  3.5 
-2.2 


5.6 
5.6 
5.5 
5.5 
5.5 
5.5 


+  1.2 


+1,848 


+  4.3 


+18.5  +5, 


+117.6 


+58.5 
+30.6 
-  .5 
-24.3 
-39.7 
-15.5 
-5.9 
+  2.3 
-7.5 
-2.8 
+  .5 
0.0 

-4.3 


49.7 
53.6 
53.3 
51.5 
50.5 
49.7 
46.6 
46.8 
50.4 
49.7 
49.4 
47.3 


+  3.9 

-  .3 
-1.8 
-1.0 

-  .8 

-  3.1 

+  .2 
+  3.6 


2.7 


+  114 

+  355 

+  370 

+  192 

+  50 

+  49 

+  14 

+  14 

-  16 

-  16 

-  16 

-  16 

+  1,094 


1.3 
1.3 
1.3 
1.3 
1.3 
1.2 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 


cham- 
ber. 


Total 

Gain  ( + )  amount  Gain  ( + ) 
or  loss 

( — ) over 
preced- 
ing pe- 
riod. 


Water. 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


or  loss 
(— )  over 
preced- 
ing pe- 
riod. 


Change 
in  weight 
of  ab- 
sorbers. 
Gain  (  +  ) 
or 

loss  (  — ). 


Amount 
absorbed 
by  under- 
clothes. 


Total 
amount 
gained  ( + ) 
or  lost  (— ) 

during 
the  period. 


Experiment  No.  51. 

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  ,  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  


5  a.  m 
7  a.  m 


Total 


9  a. 
11  a 
lp. 
3  p. 
5  p. 
7  p. 
9  p. 
lip 
1  a. 
3  a. 
5  a. 


Total  

Total,  2  days. 

Experiment  No.  52. 

7  a.  m  

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  

3  a.  m  

5  a.  m  

7  a.  m  


Grams. 
33.6 
32.8 
32.6 
34.6 
32.0 
30.0 
31.3 
32.9 
28.4 
25.4 
27.4 
28.2 


36.2 
33.3 
33.1 
33.4 
31.5 
32.8 
29.2 
30.5 
27.7 
26.7 
28.0 
27.7 


28. 

84. 
115. 
110. 
114. 
157. 
111. 

52. 

44. 

32. 

31. 

27. 

31. 


9  a.  m  . 
11  a.  m 
1  p.  m  . 
3  p.  m  . 


54.0 
122.  6 
115. 2 
107.6 


Grams. 
+  4.6 

-  .8 

-  .2 
+  2.0 

-  2.6 

-  2.0 
+  1.3 
+  1.6 

-  4.5 

-  3.0 
+  2.0 


Grams. 
43.2 
42.9 
48.1 
44.5 
45.8 
44.2 
45.5 
51.8 
45.5 
45.5 
46.6 
44.8 


Grams. 
-4.1 
-  .3 
+5.2 
-3.6 
+1.3 
-1.6 
+1.3 
+6.3 
-6.3 
0.0 
+1.1 
-1.8 


Grams. 


10 


-2.5 


+  8.0 
-2.9 
-  .2 
+  -3 
-1.9 
+  1.3 


-1.0 
+  1.3 


46.9 
45.5 
45.3 
42.9 
41.6 
43.4 
40.4 
42.4 
42.1 
42.1 
41.1 
41.1 


+2.1 
-1.4 

-  .2 
-2.4 

+1.8 
-3.0 
+2.0 

-  .3 
0.0 

-1.0 
0.0 


-3.7 


L.3 


-6.2 


+55.7 
+31.5 
-5.2 
+  4.2 
+42.4 
-45.5 
-59.6 
-8.2 
-11.4 
-1.0 
-4.2 
+  3.6 


46.6 
53.8 
60.3 
61.4 
60.3 
65.7 
64.2 
57.7 
52.2 
56.2 
54.3 
50.9 
52.6 


+7.2 
+6.5 
+1.1 
-1.1 
+5.4 
-1.5 
-6.5 
-5.5 
+4.0 
-1.9 
-3.4 
+1.7 


2.3 


+6.0 


+23.0 
+68.6 
-  7.4 
-7.6 


55.1 
61.3 
60.6 


+2.5 
+6.2 
-  .7 
-2.3 


-  85 


+  137 
+  351 
+  388 
+  316 
+  574 
+  438 
65 
28 
13 
13 
12 
12 


+2, 347 


+  144 

+  437 

+  395 

+  245 


Grams. 
H  5.1 
1-  8.' 

I-  14.; 

10.  ( 

5.: 


16. 97 
16.96 
16. 96 
16.  96 
16.  96 
16. 96 


16.5 


12.1 
7.6 
8.8 
6.4 
6.3 
3.2 
18.0 
12.0 
14.3 
14.0 
15.0 
14.0 


74.7 


161. 17 
374.46 
406. 06 
331.86 
596. 36 
453.46 
58. 50 
22.50 
17.00 
11.10 
8.60 
13.70 


101.77  I  +2.454.77 


11.75 
11.75 
11.74 
11. 74 


+  158. 25 

+  454.95 

+  406. 04 

+  254.44 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 


cham- 
ber. 


Total 

Gain  ( + )  amount  Gain  ( + ) 
or  loss  of  va- 
( — )  over  por  re- 
preced-  mann- 
ing pe-  ing  in 
riod.  cham- 
ber. 


Water. 


Change 

or  loss  nthi  Amount 
(-)over  o*ab-  absorbed 
preced-!^e(r_l-vbyunder- 
ingpe-  ^ai*(  +  )!  clothes. 
riod-  loss(-). 


Total 
amount 
gained  (+) 
or  lost  ( — ) 

during 
the  period. 


Experiment  No. 
Continued. 


5  p.  m  . 
7  p.  m  . 
9  p.  m  . 
11  p.  m 
la.m. 


5  a.  m 
7  a.  m 


Grams. 
136.9 
95.2 
50.2 
39.8 
34.2 
28.7 
29.0 
29.3 


Grams. 
+29.  3 
-41.7 
-45.0 
-10.4 

-  5.6 

-  5.5 
+  .3 
+  .3 


Grams. 
64.9 
60.3 
55.4 
49.9 
55.1 
52.5 
48. 6 
49.9 


Grams. 
+6.6 
-4.6 
-4.9 
-5.5 
+5.2 
-2.6 
-3.9 
+  1.3 


Total 


-1.7 


■2.7 


9  a.  m  . 
11  a.  m 

I  p.  m  . 
3  p.  m  . 
5p.m. 
7  p.  m  . 
9  p.  m  . 

II  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total  

Total,  3  days. 

Experiment  No.  53. 

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

la.  m  

3  a.  m  

5  a.  m  

7  a.  m  


Total 


9  a.  m  . 
11  a.  m 
1  p.  m  . 
3  p.  m  . 
5  p.  m  . 
7  p.  m  . 


85.2 
120. 8 
115.  6 
107.6 
129.3 
97.3 
51.5 
43.0 
35. 2 
31.6 
27.1 
28.5 


+55.9 
+35.  6 
-5.2 
-8.0 
+21.  7 
-32.0 
-45.  8 
-8.5 
-7.8 
-3.6 
-4.5 
+  1.4 


89.5 
123.7 
129. 6 
116.0 


51.3 
34.7 
30.0 
31.1 
30.8 


92.2 
147.8 
131.9 
120.  5 
151.7 
103.5 


+61.0 
+34. 2 
+  5.9 
-13.6 
+22.  7 
-35.0 
-44.4 
-8.0 
-16. 6 
-4.7 
+  1.1 
-  .3 


2.8 


+61.4 
+55.  6 
-15. 9 
-11.4 
+  31.2 
-48.2 


52.6 
62.3 
59.5 
65.5 
63.9 
61.5 
55.3 
52.6 
60.0 
54.4 
52. 5 
51.7 


+2.7 
+  9.7 
-2.8 
+6. 0 
-1.6 
-2.4 
-6.2 
-2.7 
+  7.4 
-5.6 
-1.9 
-  .8 


+1.8 


+5.1 


Grams. 
+  465 
+  344 
+  65 
+  29 
3 

-  3 

-  4 

-  4 


Grams. 
11.74 
11.74 


186 
416 
381 
216 
509 
366 
51 
36 
13 
12 
12 
12 


+  2, 210 


+6, 667 


52.2 
50. 2 
51.0 
54.3 
59.5 
57.1 
52. 5 
52.8 
58.8 
56.9 
55.4 
54.1 


53.3 
62.1 
55.1 
57.2 
61.0 
57.9 


+  .5 
-2.0 
+  .8 
+3.3 
+5.2 
-2.4 
-4.6 
+  .3 
+  6.0 
-1.9 
-1.5 
-1.3 


+2.4 


L23 
380 
366 
194 
373 
351 
36 
50 
6 
6 
5 
5 


Grams. 
■    483. 34 

-  351. 14 

-  60. 10 
23. 50 

2.20 
5. 60 
7.90 
2.70 


70. 46    +2. 177. 76 


14.57 
14.56 
14. 56 
14. 56 
14. 56 
14.  56 


203. 27 
440. 26 
392.  76 
236. 56 
521.96 
378. 16 
44.80 
33.30 
20.40 


+  10. 10 
+     11. 20 


87. 37  +2, 


+6, 931. 70 


8.55  | 
8. 55 
8. 55 
8.54 
8.54 
8. 54 


132. 05 
386. 55 
375.35 
205. 84 
386. 74 
357. 14 
31.40 
50. 30 
12. 00 
4.10 
3.  50 
3.  70 


+1,895 


51. 27    +1,  948. 67 


-  .8 
+8.8 
-7.0 
+2.1 
+3.8 
-3.1 


+  165 

+  430 

+  395 

+  187 

+  474 

+  365 


13.33 
13. 33 
13. 33 
13. 33 
13. 32 
13.32 


177.53 
452. 13 
401. 33 
202. 43 
491. 12 
375. 22 
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Table  117. — Comparison  of  residual  amounts  of  carbon  dioxid  and  water  in  the  chamber 
at  the  beginning  and  end  of  each  period,  etc. — Continued. 


End  of  period. 


Carbon  dioxid. 


Total 
amount 

in 
cham- 
ber. 


Total 

Gain  ( + )  amount  Gain  ( + ) 


or  loss 
( — ) over 
preced- 
ing pe- 
riod. 


Water. 


of  va- 
por re- 
main- 
ing in 
cham- 
ber. 


Change 
or  loss  -in^ht 


p-receT  ~ 
?n|  pt  Gain(  +  ) 
riod. 


or 


Total 
Amount  amount 
absorbed  gained  ( + ) 
byunder-'or  lost  (-) 
clothes.  during 
the"  period. 


28-29... 


Experiment  No.  53 — 
Continued. 


9p.m. 
11  p.  m 
1  a.  m  . 
3  a.  m  . 
5  a.  m  . 
7  a.  m  . 


Total 


9  a. 
11  a 
lp. 
3  p. 
5  p. 
7  p. 
9  p. 
lip 
1  a. 
3  a. 


Grams. 
57.7 
50.9 
35.9 
30.2 
29.2 
31.6 


Total  

Total,  3  days 

Experiment  No.  5k.  I 

9  a.  m  

11  a.  m  

I  p.  m  

3  p.  m  

5  p.  m  

7  p.  m  

9  p.  m  

II  p.  m  

1  a.  m  


5  a.  m 


Total 


9  a.  m  

103.0 

11  a.  m  

134.3 

1  p.  m  

141.8 

3  p.  m  

115.6 

5  p.  m  

147.0 

7  p.  m  

109. 5 

9  p.  m  

51.0 

11  p.  m  

41.9 

1  a.  m  

33.6 

92.4 
135.0 
129.  7 
123.1 
154.7 
101.2 
57.  7 
47.9 
32.9 
33.1 
32.3 
31.6 


91.6 
127.5 
115.  7 
110.7 
136.8 
103. 5 
56.4 
44.2 
34.6 
30.2 
28.5 
32.8 


Grams. 
-45.  8 

-  6.8 
-15.0 

-  5.7 

-  1.0 
+  2.4 


Grams. 
54.1 
53.1 
56.7 
53.5 
51.5 
48.9 


Grams. 

-  3.8 

-  1.0 
+  3.6 

-  3.2 

-  2.0 

-  2.6 


Grams. 

+  36 

+  28 

-  9 

-  9 

-  9 

-  9 


Grams. 


Grams. 
+     32. 20 
+     27. 00 
5.40 

-  12.20 

-  11.00 

-  11. 60 


-5.2 


+2, 044 


79.96 


+60.8 
+42.6 
-5.3 
-6.6 
+  31.6 
-53.5 
-43.5 
-9.8 
-15. 0 
+  .2 


51.7 
57.9 
57.0 
59.3 
62.3 
58.8 
53.8 
51.5 
56.1 
52.5 
54.4 
50.0 


0.0 


+60.0 
+35. 9 
-11.8 
-5.0 
+26.1 
-33.3 
-47.1 
-12.2 
-9.6 
-4.4 
-1.7 
+  4.3 


52.6 
57.4 
52.3 
57.0 
61.3 
60.0 
50.9 
51.2 
58.0 
55.7 
52.8 
50.2 


1.2 


+70.2 
+31.3 
+  7.5 
-26.2 
+31.4 
-37. 5 
-58.5 
-9.1 


56.7 
58.5 
52.5 
58.8 
65.0 
60.5 
52.5 
50.5 
56.1 


+  2.8 
+  6.2 

-  .9 
+  2.3 
+  3.0 
-3.5 
-5.0 
-2.3 
+  4.6 
-3.6 
+  1.9 

-  4.4 


+  137 
+  481 


+  237 


+ 


495 
301 
29 
35 
2 
2 
2 
1 


9.65 
9.65* 
9.65 
9.64 
9.64 
9.64 


+  1.1  +2,110 


+2, 118.  76 


149.  45 
496. 85 
396.  75 
248. 94 
507. 64 
307. 14 
24.  CO 
32.70 
6.60 
1.60 
3.90 
3.40 


57. 87    +2, 168. 


1.7 


+6,049  |     189.10  +6,236.40 


+  2.6 
+  4.8 
-5.1 
+  4.7 
+  4.3 
-  1.3 
-9.1 
+  .3 
+  6.8 
-2.3 
-2.9 
-2.6 


+  .2 


+  6.5 
+  1.8 
-6.0 
+  6.3 
+  6.2 
-  4.5 
-8.0 
-2.0 
+  5.6 


+  143 

+  417 

+  373 

+  187 

+  460 

+  380 

+  36  I 

+  35 

+  8 

+  7 

+  7 

+  7 


11.87 
11.86 
11.86 
11.86 
11.86 
11.86 


157. 47 
433. 66 
379. 76 
203. 56 
476. 16 
390. 56 
26.90 
35.30 
14. 80 
4.70 
4.10 
4.40 


+2,060  j      71.17  +2.131.37 


+  186 

+  509 

+  431 

+  195 

+  560 

+  272 

+  37 

+  35 

+  4 


11.43 
11.43 
11.  43 
11.43 
11.42 
11.42 


203. 93 
522. 23 
436. 43 
212.  73 
577. 62 
278. 92 
29.00 
33.00 
9.60 


6000— No.  136—03- 


-16 
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at  the  beginning  and  end  of  each  period,  etc. — Continued. 
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Table  118. — Record  of  carbon  diogdd  in  ventilating  air  current,  metabolism  experiments 

Xos.  35-55,  inclusive. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

m 

(e) 
Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 
ex- 
haled 
by 
subject, 
e  +/. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air). 

(b) 

Per 
liter. 

(c) 

Total, 
axb. 

In  out- 
going 
air. 

excess 
going 
d-c. 

of  car- 
bon ex- 
haled. 
9  X  T3T. 

1900. 

Preliminari/  to  ex- 
periment No.  35. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Dec.  8-9  

7  p.  m.  to  9  p.  m  

9,328 

0. 658 

6.1 

74.2 

68.1 

+  2.3 

70.4 

19.2 

9  p.  m.  to  11  p.  m  ... 

10, 105 

.658 

6.7 

74.5 

67.8 

+    .  6 

fie  a 

DO.  i 

ISA 
10.  0 

11  j) .  ni .  1 1  >  1  ft .  m  ... 

9,328 

.  005 

0.  1 

76. 8 

70.  7 

-  4.4 

66.3 

18.1 

Total.  6  hours. 

28,  761 

18.9 

225. 5 

206.  6 

-  1.5 

205. 1 

55.  9 

• 

1  a.  m.  to  3  a.  m  

10, 105 

.  581 

5.  9 

65.2 

59.3 

-  8.1 

51.2 

14.0 

3  a.  m.  to  5  a.  m  

10, 105 

.  Ool 

5  9 

61.7 

55.8 

-j_  1.4 

15. 6 

O  (X .   Ill .            I    <X .  Ill  .... 

10, 105 

581 

5  9 

56. 3 

50. 4 

+  .5 

50.9 

13.9 

Total,  6  hours. 

30, 315 

17.  7 

183.  2 

165.5 

-  6.2 

159.  3 

43.  5 

Total,  |  day  . . 

59, 076 

36.  6 

408.7 

372.1 

7  7 

364. 4 

99.  4 

Experiment  No.  35. 

- 

9-10  

7  a.  m.  to  9  a.  ru  

10, 105 

9, 328 

.562 

5. 7 

88.1 

82.4 

+11.6 

94.0 

25.6 

9  a.  m.  to  11  a.  in 

.562 

.  5.2 

81.1 

75. 9 

+    .  5 

Tfi  A 

20.  9 

11  a.  m.  to  1  p.  m  . .. 

10, 105 

.562 

5.  7 

77.1 

71.4 

—  3.  8 

67. 6 

18.4 

Total,  6  hours. 

29,538 

16.6 

246. 3 

229.  7 

+  8.3 

238.0 

64.9 

1  p.  ni.  to  3  p.  rn  

9,328 

.569 

5.3 

79.1 

73.8 

+  9.8 

83.6 

22.8 

3  p.  m.  to  5  p.  m  

10, 3  05 

.569 

5.8 

88.9 

83.1 

—  9. 3 

16.  o 

20. 1 

5  p.  m.  to  7  p.  m  

10, 105 

.  o69 

5.8 

79.6 

73.8 

+  3.  3 

17. 1 

21.0 

Total.  6  hours. 

29,  538 

16.9 

247.6 

230.7 

+  3.8 

234.  5 

63.9 

7  p.  m.  to  9  p.  m  

9,  328 

.567 

5.3 

80.4 

75.1 

-  .6 

74.5 

20.3 

9  p.  m.  to  11  p.  m  . . . 

10  105 

.567 

5. 7 

79.7 

74.0 

—  1.2 

1  A.  o 

in  q 

11  p.  ni.  to  1  a.  m 

9,328 

.  567 

5.3 

64.2 

58.  9 

-  9.4 

49.5 

13.5 

Total,  6  hours. 

28, 761 

16.3 

224.3 

208.0 

-11  2 

196. 8 

53.  7 

1  a.  m.  to  3  a.  m  

10, 105 

.567 

5.7 

50.8 

45.1 

44.4 

12.1 

3  a.  m.  to  5  a.  m  

9, 328 

.567 

5.3 

56.5 

51.2 

~il 

—  1.0 

49. 4 

13. 5 

5  a.  m.  to  7  a.  m  

10, 105 

.567 

5.  7 

54.2 

48.5 

—  .5 

48.0 

13.1 

Total,  6  hours. 

29  538 

16.7 

161. 5 

144.8 

—  3. 0 

141.8 

38. 7 

Total,  1  day  . . 

117, 375 

66.5 

879.  7 

813. 2 

-  2.1 

811.1 

221.2 

10-11  

7  a.  m.  to  9  a.  m  

10, 105 

.565 

5.7 

82.9 

77.  2 

+15.3 

92.5 

25.2 

9  a.  m.  to  11  a.  m  ... 

9,  328 

.565 

5.3 

80.3 

75.0 

—  4.  / 

70. 3 

19. 2 

11  a.  m.  to  1  p.  m  . . . 

10  105 

.565 

5  7 

77.1 

71.4 

—  2.4 

69.  0 

18. 8 

Total,  6  hours. 

29, 538 

16.7 

240.3 

223.  6 

+  8.2 

231.8 

63.2 

1  p.  m.  to  3  p.  m  

9,  328 

.571 

5.3 

77.5 

72.2 

-16.1 

88.3 

24.1 

3  p.  m.  to  5  p.  m  

9,328 

.571 

5.3 

86.9 

81.6 

-11.7 

69.9 

19.1 

5  p.  m.  to  7  p.  m  

10, 105 

.571 

5.8 

77.6 

71.8 

-  1.0 

70.8 

19.3 

Total,  6  hours. 

28, 761 

16.4 

242.0 

225.  6 

+  3.4 



229.0 

62. 5 

7  p.  m.  to  9  p.  m  

9,328 

.58S 

5.5 

70.3 

64.8 

-  5.1 

59.7 

16.3 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.588 

5.9 

68.4 

62.5 

+  5.3 

67.8 

18.5 

11  p.  m.  to  1  a.  m  ... 

10, 105 

.588 

5.9 

77.0 

71.1 

-  5.1 

66.0 

18.0 

Total,  6  hours. 

29, 538 

17,3 

215.  7 

198.4 

-  4.9 

193.  5 

52.8 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(e) 

Total 
excess 
in  out- 
going 
air, 
d  -  c. 

(/) 
Correc- 
tion for 
amount 

re- 

ing  in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 
ex- 

by 
subject, 
e+f. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air). 

(b) 

Per 
liter. 

(c) 

Total, 

a  x  b. 

In  out- 
going 
air. 

of  car- 
bon ex- 
haled, 

1900. 

Experiment  No.  85— 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

(jrVQfttlS, 

CrTdTflS, 

Dec.  10-11  

1  a.  m.  to  3  a.  m  

9,328 

0.591 

5.5 

60.8 

55.3 

-  3.4 

51.9 

14.2 

3  a.  m.  to  5  a.m  

10, 105 

.591 

6.0 

60.  0 

54. 0 

-  2.5 

51.5 

14.0 

5  a.  m.  to  7  a.  m  

10, 105 

.591 

6.0 

55.6 

49.6 

+  .4 

50.0 

13.6 

Total,!!  hours. 

29, 538 

17.  5 

176.4 

158. 9 

-  5.5 

153.4 

41.8 

Total,  1  day... 

117,375 

67.9 

874.4 

806.5 

+  1.2 

807.7 

220.3 

7  a.  in.  to  9  a.  m  

10, 105 

.  600 

6. 1 

79.6 

73.5 

+14. 6 

88. 1 

24.0 

9  a.  m.  to  11  a.  in 

9, 328 

.  600 

5. 6 

80. 4 

74. 8 

—  3.2 

71.6 

19.5 

11  a.  m.  to  1p.m... 

9,328 

.  600 

5.  6 

70. 0 

64.  4 

"  4-3 

60.1 

16.4 

Total,  6  hours. 

28, 761 

17.  3 

230.0 

212. 7 

+  7.1 

219.8 

59.9 

1  p.  ni.  to  3  p.  m . . . . 

9,  328 

.  577 

5. 4 

77.8 

72.4 

+17.  6 

90. 0 

24. 6 

3  p.  m.  to  5  p.  m 

9, 328 

.  577 

5. 4 

85.  9 

80. 5 

—13.8 

66.7 

18.2 

5  p.  m.  to  7  p.  m  

10, 105 

.577 

5.8 

86. 9 

81. 1 

+  4.4 

85. 5 

23.3 

Total,  (>  hours. 

28, 761 

16.6 

250.6 

234.0 

+  8.2 

242.2 

66.1 

7  p.  m.  to  9  p.  m  

9, 328 

.584 

5.5 

8375" 

78.0 

—  1.2 

76. 8 

20. 9 

9  p.  m.  to  11  p.  m  . . . 

10, 105 

.584 

5.9 

7Q  n 

lif.  u 

73. 1 

—  3.4 

69.  7 

19.0 

11  p.  m.  to  1  a.  in  . . . 

9,328 

.584 

5.5 

71.8 

66.3 

—  9. 3 

57.0 

15.6 

Total,  6  hours. 

28,  761 

16.9 

234. 3 

217. 4 

-13.9 

203.5 

55.5 

1  a.  m.  to  3  a.  in  

10, 105 

.  554 

5.6 

58.1 

52.5 

-  2.4 

50.1 

13.7 

3  a.  m.  to  5  a.  m  

10, 105 

.554 

5.6 

57.4 

51. 8 

+  1.0 

52.8 

14.4 

5  a.  m.  to  7  a.  m  — 

10, 105 

.554 

5.6 

56.6 

51.0 

+  1.8 

52.8 

14.4 

Total,  6  hours. 

30, 315 

16.8 

172.1 

155. 3 

+  .4 

155. 7 

42.5 

Total,  1  day  . . 

116, 598 

67.6  |  887.0 

819.4 

+  1.8 

821.2 

224.0 

12-13  

7  a.  m.  to  9  a.  m  

9, 328 

.  570 

5.3 

78.0 

72.7 

+13. 6 

86. 3 

23. 5 

9  a.  m.  to  11  a.  m  . . . 

8,551 

.  570 

4.9 

79.4 

74.  5 

+  1.4 

75.9 

20.7 

11  a.  m.  to  1  p.  m . .. 

9, 328 

.  570 

5.3 

81.1 

75. 8 

—  6. 2 

19. 0 

Total,  6  hours. 

27, 207 

15.5 

238.5 

223.0 

+  8.8 

231.8 

63.2 

1  p.  m.  to  3  p.  ni  

9, 328 

.615 

5.7 

81.4 

75.7 

+  6.2 

81. 9 

22.3 

3  p.  in .  to  5  p.  m 

9, 328 

.  615 

5.7 

82.4 

76. 7 

—  3.5 

73.2 

20.0 

5  p.  m.  to  7  p.  m  

9,328 

.  615 

5.7 

75.9 

70. 2 

—  2. 9 

67.3 

18.4 

Total,  6  hours. 

27, 984 

17.1 

239.7 

222.  6 

-  .2 

222.4 

60.7 

7  p.  m.  to  9  p.  m  

9, 328 

.  610 

5.7 

68.7 

63.0 

—  3. 6 

59. 4 

16.2 

9  p.  m.  to  11  p.  m 

10, 105 

.  610 

6.2 

72.3 

66. 1 

+  16 

67.7 

18.5 

11  p.  m.  to  la.  m  ... 

10, 105 

.610 

6.2 

76.2 

70.0 

-  4.7 

65.3 

17.8 

Total,  6  hours. 

29,538 

18.1 

217. 2 

199.1 

—  6. 7 

192.4 

52.5 

1  a.  m.  to  3  a.  m  

9, 328 

.573 

5.4 

60.5 

55.1 

-  .6 

54.5 

14.9 

3  a.  m.  to  5  a.  m 

10,105 

.573 

5.8 

61.6 

55.8 

-  1.8 

54.0 

14.7 

5  a.  m.  to  7  a.  m  

10, 105 

.573 

5.8 

58.1 

52.3 

+  .9 

53.2 

14.5 

Total,  6  hours. 

29, 538 

17.0 

180.2 

163.2 

-  1.5 

161.7 

44.1 

Total,  1  day... 

114, 267 

67.7 

875.6 

807.9 

+  .4 

808.3 

220.5 

Total, 4  days.. 

465, 615 

269.7 

3, 516.  7 

3, 247. 0 

+  1.3 

3, 248. 3 

886.0 
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Table  118. — Record  of  carbon  dioxid  in  vent  dating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

In  incoming 
air. 

(d) 

(e) 
Total 

if)    1  (9) 
Correc-!  Cor- 

tirvn  fnr  rpptprl 

Total 
weight 
of  car- 
bon ex- 

g  X  XV 

Period. 

(num- 
ber of 
liters  of 
air). 

(ft) 

Per 
liter. 

(c) 

Total, 

a  x  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 

d-c. 

amount 
re- 
main- 

cham- 
ber. 

amount 

ex- 
haled 
oy 
subject, 
e+f. 

Experiment  No.  36. 

Liters. 

inyb. 

Grams. 

Grams. 

XjTI  tX//£'0. 

Grams. 

7  a.  m.  to  9  a.  m  

10, 105 

0.582 

5.9 

76. 4 

70. 5 

+  5.9 

76.4 

20.8 

9  a.  m.  to  11  a.  m... 

9,328 

.582 

5.4 

71.7 

66.3 

+  1.5 

67.8 

18.5 

11  a.  m.  to  1  p.  m. .. 

9,328 

.582 

5.4 

66.8 

61.4 

-  2.8 

58.6 

16.0 

Total,  6  hours. 

28, 761 

16.7 

214. 9 

198  2 

+  4.6 

202.8 

55.3 

1  p.  m.  to  3  p.  m  

9,  328 

.593 

5.5 

68. 3 

62.8 

+  3.8 

66.6 

18.2 

3  p.  m.  to  5  p.  m  

9,328 

.593 

5.5 

67.8 

62.3 

-  3.1 

59.2 

16.1 

5  p.  m.  to  7  p.  m  

9,328 

.593 

5.5 

66.9 

61.4 

-  1.2 

60.2 

16.4 

Total,  6  hours. 

27,984 

16.5 

203  0 

loo.  o 

-  .5 

186.0 

50.7 

7  p.  m.  to  9  p.  m  

10, 105 

.564 

5.7 

70. 1 

64.4 

-  .8 

63.6 

17.4 

9  p.  m.  to  11  p.  m . . . 

9,328 

.564 

5.3 

61.8 

56.5 

+  1.1 

57.6 

15.7 

11  p.  m.  to  1  a.  m . . . 

10,105 

.564 

5.7 

63.0 

57.3 

-  7.3 

50.0 

13.6 

Total,  6  hours. 

29, 538 

16.7 

194.9 

178.2 

—  7.0 

171.2 

46.7 

1  a.  m.  to  3  a.  ru  

10, 105 

.538 

5.4 

54. 9 

49.5 

—  .5 

49.0 

13.4 

3  a.  m.  to  5  a.  m  

10, 105 

.  538 

5. 4 

52  3 

40.  y 

—  1. 0 

45. 9 

12.5 

5  a.  m.  to  7  a.  m  

9,647 

.538 

5.2 

52  7 

47. 5 

+  8.7 

56.2 

15.3 

Total,  6  hours . 

29, 857 

16.0 

159.  9 

143. 9 

+  7.2 

151.1 

41.2 

Total,  1  dav 

116  140 



65.9 

772. 7 

706.8 

+  4.3 

711.1 

193. 9 

Preliminary  to  ex- 
periment No.  37. 

7  p.  m.  to  9  p.  m  

10, 105 

.592 

6.  0 

98.8 

92.8 

-29.7 

63.1 

17.2 

9  p.  m.  to  11  p.  m . . . 

9,328 

.592 

5.5 

84.8 

79.3 

+  1.0 

80.3 

21.9 

11  p.  m.  to  1  a.  m... 

10, 105 

.592 

6.0 

78.9 

72.9 

-14.5 

58.4 

15.9 

Total,  6  hours. 

29,538 

17.5 

262.5 

245.0 

-43.2 

201.8 

55.0 

1  a.  m.  to  3  a.  m  

10, 105 

.619 

6.3 

60.8 

54.5 

-  1.9 

52.6 

14.3 

3  a.  m.  to  5  a.  m  

10,105 

.619 

6.3 

56.5 

50.2 

-  3.0 

47.2 

12.9 

5  a.  m.  to  7  a.  m  

10, 105 

.619 

6.3 

59.3 

53.0 

+  3.5 

56.5 

15.4 

Total,  6  hours. 

30, 315 

18.9 

176.6 

157.7 

-  1.4 

156.3 

42.6 

Total,  £  day  . . 

59,  853 

36.4 

439.1 

402.7 


-44.6 

358.1 

97.6 

Experiment  No.  37. 

7  a.  m.  to  9  a.  m  

10, 105 

.  605 

6.1 

122. 3 

116. 2 

+66.3 

182.5 

49.8 

9  a,  m.  to  11  a.  m  . . . 

9,328 

.605 

5.6 

207.3 

201.7 

+  9.3 

211.0 

57.5 

11  a.  m.  to  1  p.  m ... 

10, 105 

.605 

6.1 

213.2 

207.1 

-22.0 

185.1 

50.5 

Total,  6  hours. 

29,538 

17.8 

542. 8 

525. 0 

+53.6 

578.6 

157.8 

1  p.  m.  to  3  p.  m  

9,328 

.608 

5.7 

153.3 

147.6 

+  8.5 

156.1 

42.6 

3  p.  m.  to  5  p.  m  

9, 328 

.608 

5.7 

206.8 

201. 1 

+37.6 

238.7 

65.1 

5  p.  m.  to  7  p.  m  

10, 105 

.608 

6.1 

264.5 

258.4 

-43.7 

214.7 

58.5 

Total,  6  hours. 

28,  761 

17.5 

624.6 

607.1 

+  2.4 

609.5 

166.2 



7  p.  m  to  9  p.  m  

9, 328 

.596 

5.6 

141.8 

136.2 

-29.3 

106.9 

29.2 

9  p.  m.  to  11  p.  m  ... 

10, 105 

.596 

6.0 

111.8 

105.8 

-  7.0 

98.8 

26.9 

11  p.  m.  to  1a.m... 

10,105 

.596 

6.0 

84.5 

78.5 

-17.5 

61.0 

16.6 

Total,  C  hours. 

29, 538 

17.6 

338.1 

320.  5 

-53.8 

266.7 

72.7 
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Table  118. — Record  of  carbon  dioxid  m  rentilathu]  air  current,  tie. — Continued. 


(a) 

Carbon  dioxid. 

(h) 

Venti- 
lation 

In  incoming- 
air. 

(d) 

(e) 

Total 

in  out- 
going 
air, 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 

ex- 
haled 

by 
subject, 
e  +/. 

Total 
weight 

Period. 

(num- 
ber of 
liters  of 
air) . 

Per 
liter. 

{<- ) 

Total. 
a  x  b. 

In  out 
going- 
air. 

of  car- 
bon ex- 
haled, 

0  X  T3r. 

Experiment  No.  37 — 
Continued. 

Lit <  rs. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

1  a.  m.  to  3  a.  m  

10, 10ft 

0. 552 

5.6 

61. 6 

56. 0 

—  2.6 

53.4 

14.6 

3  a.  m.  to  5  a.  m  

10, 105 

.552 

5.  6 

58. 3 

52.  7 

—  1.4 

51. 3 

14.0 

5  a.  m.  to  7  a.  m  

9,328 

.552 

5.1 

54.5 

49.4 

+  1.8 

51.2 

14.0 

Total,  6  hours. 

29, 538 

  16.3 

174.4 

158. 1 

-  2.2 

155.9 

42.  6 

Total,  1  day  .. 

117, 375 

69.2 

1, 679. 9 

1,610.7 

0.  0 

1,610.7 

439.3 

/  a.  m.  to  9  a.  m  .... 

10, 105 

.595 

6.0 

122.5 

116.5 

+73.1 

189.6 

51. 7 

9  a.  m.  to  11a.m... 

9,328 

.  595 

5.  6 

226. 4 

220.8 

+24. 3 

245.1 

66.8 

11  a.  m.  to  1  p.  m  ... 

10, 105 

.  595 
...  . 

6.0 

278.8 

272.8 

-23.5 

249.3 

68. 0 

Total,  6  hours. 

29, 538 

17.  6 

627.7 

610.1 

+  73.  9 

684.0 

186.5 

1  p.  m.  to  3  p.  m. ... 

9,  328 

.582 

5.4 

191.5 

186.1 

+23.4 

209.  ft 

57. 1 

3  p.  m.  to  5  p.  m  

9,328 

582 

5  4 

260. 8 

255. 4 

+11. 9 

267.  3 

72.9 

5  p.  m.  to  7  p.  m  

9,328 

.582 

5.4 

251.  7 

246.3 

—39.3 

207.0 

DO.  0 

Total ,  6  hours . 

27, 984 

16.  2 

704.0 

687.8 

—  4.0 

683.8 

186.5 

7  p.  m.  to  9  p.  m .... 

10, 105 

.576 

5.8 

152.7 

146.  9 

-44.8 

102.1 

27. 8 

9  p.  m.  to  11  p.  m. . . 

10, 105 

576 

5.8 

99. 2 

93. 4 

—  9.0 

84  4 

23.0 

11  p.  m.  to  1  a.  m... 

10, 105 

.576 

5.8 

76.6 

70.8 

-14.7 

56.1 

10.  o 

Total,  6  hours. 

30, 315 

17.4 

328.5 

311.1 

-68.5 

242.  6 

66.1 

1  a.  m.  to  3  a.  m  

10, 105 

.577 

5.8 

58.  0 

52. 2 

-  4.2 

48.0 

13.1 

3  a.  m.  to  5  a.m  

9, 328 

.577 

5  4 

51. 1 

45.  7 

  _  g 

45  4 

12.4 

5  a.  m.  to  7  a.  m  

10, 105 

.577 


5.8 

56. 8 

51.0 

+  1.7 

52.7 

14.4 

Total,  6  hours. 

29,  ft38 

17.0 

165.  9 

148.9 

-2.8 

146.1 

39.9 

Total,  1  day... 

117, 375 

68.2 

1, 826. 1 

1,757.9 

—  1.4 

1,756.5 

479.0 

/  a.  m.  to  9  a.  m  

10, 105 

.583 

5.9 

117.7 

111.8 

+73.2 

185. 0 

50. 5 

9  a.  m.  to  11a.  m  

9,328 

.583 

5.4 

239  1 

233  7 

+39  2 

272  9 

74.4 

11  a.  m.  to  1  p.  m  ..  . 

10, 105 

.583 

5.9 

282.4 

276. 5 

-32.3 

244.2 

66.5 

Total,  6  hours. 

29, 538 

17.2 

639.2 

622.0 

+  80.1 

702. 1 

191.4 

1  p.  in.  to  3  p.  m  . . . . 

9, 328 

.585 

5.5 

181.9 

176.4 

+  6.2 

182.6 

49. 8 

3  p.  m.  to  5  p.  m  

9, 328 

.585 

5.5 

239. 8 

234 . 3 

  27 

232. 6 

63.4 

ft  p.  m.  to  7  ]>.  m  

10, 105 

.585 

5.9 

244.6 

238.  7 

—20.8 

217.9 

59.4 

Total,  6  hours. 

28,  761 

16.9 

666.3 

649.4 

-16.3 

633.1 

172.6 

7  p.  m.  to  9  p.  m  

10, 105 

.595 

6.0 

138.3 

132.  3 

-46.6 

85.7 



23. 4 

9  p.  m.  to  11  p.  m  

10, 105 

.595 

6.0 

92. 8 

86  8 

  ]  j( 

85  0 

23.2 

11  ]>.  m.  to  1  a.  m  ... 

10, 105 

.595 

6.0 

75.7 

69.7 

-15.4 

54.3 

14.8 

Total,  6  hours. 

30, 315 

18.0 

306.8 

288.8 

-63.8 

225.0 

61.4 

1  a.  m.  to  3  a.  m  

10, 105 

.618 

6.2 

58.5 

52.3 

-  1.3 

51.0 

13.9 

3  a.  m.  to  ft  a.  m  

9, 328 

.618 

5.8 

52. 1 

46.3 

-  1.3 

45.0 

12.3 

ft  a.  m.  to  7  a.  m  

10, 105 

.618 

6.2 

55.1 

48.9 

+  .9 

49.8 

13.6 

Total,  6  hours. 

29,538 

18.2 

165.  7 

147. 5 

-  1.7 

145.8 

39.8 

Total,  1  day... 

118, 152 

70.3 

1,778.0 

1,707.7 

-  1.7 

1,706.0 

465. 2 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


Carbon  dioxid. 

(a) 

Venti- 
lation 

(h) 

Total 
weight 

In  incoming 
air.. 

(d) 

(e) 
Total 

(/) 
Correc- 
tion for 
amount 

main- 
ing  in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 

haled 

by 
subiect, 
e+f. 

Date. 

Period. 

ber  of 
liters  of 
air). 

(&j 

Per 
liter. 

(c) 

Total, 

a  x  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 

d  -  c. 

bon  ex- 
haled, 

n  v  JL 
9  TI- 

1901. 

Experiment  No.  37 — ■ 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Gravis. 

Grams. 

Grams. 

Jan.  14-15  

7  a.  m.  to  9  a.  m  

10, 105 

0.648 

6.5 

103.0 

96.5 

+63.  5 

160. 0 

43.6 

9  a.  m.  to  11  a.  m  ... 

9/328 

.648 

6.0 

219.5 

213.5 

+26.1 

239. 6 

65.4 

11  a.  m.  to  1  p.  m  ... 

9,328 

.648 

6.0 

231.  5 

225. 5 

—24.8 

200.7 

54.7 

Total,  6  hours. 

28,761 

18.5 

554.0 

535.  5 

+64.8 

600.3 

163.7 

1  p.  m.  to  3  p.  m  

9,  328 

.595 

5.6 

161.0 

155.4 

+13.7 

169.1 

46.1 

3  p.  m.  to  5  p.  m  

10, 105 

.595 

6.0 

237.6 

231.6 

.+  3.0 

234.6 

64.0 

5  p.  m.  to  7  p.  m  

9, 328 

.595 

5.6 

207. 2 

201. 6 

-24.5 

177.1 

48.3 

Total,  6  hours. 

28,  761 

17.2 

605.8 

588.6 

-  7.8 

580. 8 

158.4 

7  p.  m.  to  9  p.  m  

10, 105 

.600 

6.1 

131.2 

125.1 

—37. 5 

87.6 

23.9 

9  p.  m.  to  11  p.  m ... 

10, 105 

.600 

6.1 

93.8 

87.7 

-  5.2 

82.5 

22.5 

11  p.  m.  to  1  a.  m  ... 

10, 105 

.  600 

6. 1 

72.  8 

66.7 

-12.9 

53.8 

14.7 

Total,  6  hours. 

30,  315 

18. 3 

297.  8 

279.5 

-55.6 

223. 9 

61.1 

1  a.  m.  to  3  a.  m  

10, 105 

.589 

6.0 

56.5 

50.5 

—  .5 

50.0 

13.6 

3  a.  m.  to  5  a.  m 

9,  328 

.589 

5.5 

50.5 

45.0 

—  2.3 

42. 7 

11.7 

5  a.  m.  to  7  a.  m  

10, 105 

.  589 

6. 0 

55.5 

49.5 

+  2.5 

52.0 

14.2 

Total,  6  hours. 

29, 538 

17.  5 

162.5 

145.0 

—    .  3 

144. 7 

39. 5 

Total,  1  day. . . 

117, 375 

71.5 

1,  620. 1 

1,  548.  6 

+  1.1 

1, 549.  7 

422. 7 

Total,  '4  days.. 

470, 277 

279.2 

6,  904. 1 

6,  624. 9 

-  2.0 

6, 622.  9 

1, 806. 2 

Experiment  No.  38. 

15-16  

7  a.  m.  to  9  a.  m  

10, 105 

.611 

6.2 

110.6 

104.4 

+  64.9 

169.3 

46.1 

9  a.  m.  to  11  a.  ni ... 

9,328 

.611 

5.7 

197.8 

192.1 

+10.  6 

202.  7 

55.3 

11  a.  m.  to  1p.m... 

9, 328 

.611 

5.7 

212.  7 

207. 0 

—10.6 

196.4 

53.6 

Total,  6  hours. 

28,  761 

17.6 

521.1 

503.5 

+64.9 

568.4 

155.0 

1  p.  m.  to  .3  p.  m  

9,  328 

.578 

5.4 

150.1 

144.7 

+11.2 

155.9 

42.5 

3  p.  m.  to  5  p.  m  

10, 105 

.578 

5.8 

231.9 

226.1 

+10.0 

236.1 

64.4 

5  p.  m.  to  7  p.  m  

9, 328 

.578 

5.4 

213.  7 

208.  3 

-31.7 

176.6 

48.1 

Total,  6  hours. 

28,  761 

16.6 

595.7 

579.1 

-10.5 

568.6 

155. 0 

7  p.  m.  to  9  p.  m  

10, 105 

.634 

6.4 

123.8 

117.4 

-33.7 

83.7 

22.8 

9  p.  m.  to  11  p.  m  ... 

10, 105 

.634 

6.4 

83.2 

-  9.0 

74.2 

20.2 

11  p.  m.  to  1  a.  m  ... 

10, 105 

.634 

6.4 

74. 2 

67. 8 

-  9.3 

58.5 

16.0 

Total,  6 hours.. 

30, 315 

19.2 

287.  6 

268.  4 

-52. 0 

216.4 

59.0 

1  a.  m.  to  3  a.  m  

10,105 

.617 

6.2 

58.5 

52.3 

-  1.9 

50.4 

13.7 

3  a.  m.  to  5  a.  m  

9,  328 

.617 

5.7 

53.3 

'  47.6 

+  .3 

47.9 

13.1 

5  a.  m.  to  7  a.  m  

10, 105 

.617 

6.2 

56.5 

50.3 

-  .2 

50.1 

13.7 

Total,  6  hours. 

29, 538 

18.1 

168.3 

150.2 

—  1.8 

148.  4 

40/5 

Total,  1  day... 

117,375 

71.5 

1, 572.  7 

1, 501. 2 

+  .6 

1,501.8 

409.5 

16-17  

7  a.  m.  to  9  a.  ni  

10, 105 

.616 

6.2 

104.  2 

98.0 

+55.  6 

153.  6 

41.9 

9  a.  m.  to  11  a.  m  . . . 

9,328 

.616 

5.7 

201.9 

196.2 

+25.6 

221. 8 

60.5 

11  a.  m.  to  1  p.  m  . . . 

9, 328 

.616 

5.7 

219.8 

214.1 

-19.7 

194.4 

53.0 

Total,  6  hours. 

28,  761 

17.6 

525.9 

508.  3 

+61.5 

569.8 

155.4 
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Table  118. —  Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


Carbon  dioxid. 

(a) 

Venti- 
lation 

(A) 

loiai 

weight 
of  car- 
bon ex- 
haled, 

a  x  -A- 

In  incoming 
air. 

(d) 

(e) 
Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 

cham- 
ber. 

(g) 

Cor- 
rected 
amount 
ex- 
haled 

Kit 

subject, 
e+f. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air) . 

.  (b) 

r^er 
liter. 

(c) 

Total , 

a  xb. 

In  out- 
going 
air. 

in  out- 
going 

d  -  c. 

1901. 

Experiment  No.  38 — 
Continued. 

Liters. 

TUT 

mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Jan.  16-17  

1  p.  m.  to  3  p.  m  

9,328 

0.  620 

5.  8 

162.7 

156.9 

+  18.4 

175.3 

47.8 

3  p.  m.  to  5  p.  m  

9,328 

.620 

5.8 

228. 1 

222. 3 

+  5.1 

227. 4 

62.0 

5  p.  m.  to  7  p.  m  

9,328 

.620 

5.8 

213. 2 

207.4 

-24.8 

182. 6 

49.8 

Total, 6  hours.. 

27,  984 

17.4 

604.0 

586.6 

-  1.3 

585.3 

159.6 

7  p.  m.  to  9  p.  m  

8,  551 

.624 



5.  3 

117.4 

112. 1 

-37.  5 

74.6 

20.4 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.624 

6.3 

91.1 

84.8 

-  8.0 

76.8 

20.9 

11  p.  m.  to  1a.m... 

10, 105 

.624 

6.3 

76.8 

70.5 

—12.7 

57.8 

15.8 

Total,  6  hours. 

28,761 

17.9 

285. 3 

267.4 

-58.2 

209.2 

57.1 

1  a.  m.  to  3  a.  m  

10, 105 

.578 

5.8 

60.5 

54.7 

-  2.0 

52.7 

14.4 

3  a.  m.  to  5  a.  m  

9,328 

.578 

5.4 

52.7 

47.3 

-  .9 

46.4 

12.6 

5  a.  m.  to  7  a.  m  

10, 105 

.578 

5.8 

55. 7 

49.9 

-  .2 

49.7 

13.5 

Total,  6  hours. 

29,538 

17.0 

168. 9 

151. 9 

-  3.1 

148.8 

40.5 

Total,  1  day... 

115, 044 

69.9 

1,584.1 

1,514.2 

-  1.1 

1,513.1 

412.6 

17-18 

7  a.  m.  to  9  a.  m  

10, 105 

.554 

5.6 

102.5 

96.9 

J-58. 0 

154.9 

42.2 

9  a.  m.  to  11  a.  m  ... 

9,328 

.554 

5.2 

190.6 

185.4 

+12.4 

197.8 

53.9 

11  a.  m.  to  1  p.  m  . . . 

9, 328 

.554 

5.2 

200.2 

195.0 

-13.8 

181.2 

49.4 

Total,  6  hours. 

28,  761 

16.0 

493.3 

477.3 

+56.6 

533.9 

145.5 

1  p.  m.  to  3  p.  m  

10, 105 

.598 

6.0 

160. 5 

154. 5 

+  11.5 

166.0 

4573 

3  p.  m.  to  5  p.  m  

9,328 

.598 

5.  6 

203.0 

197.4 

+  7.5 

204.9 

55.9 

5  p.  m.  to  7  p.  m  

10, 105 

.598 

6.0 

218.2 

212.2 

-20.8 

191.4 

52.2 

Total,  6  hours. 

29, 538 

17.6 

581.7 

564.1 

-  1.8 

562.3 

153.4 

7  p.  m.  to  9  p.  m  

9,328 

.576 

5.4 

121.  7 

116.3 

-34.1 

82.2 

22.4 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.576 

5.8 

89.9 

84.1 

-  8.0 

76.1 

20.8 

11  p.  m.  tola,  m... 

10, 105 

.576 

5.8 

71.6 

65.8 

-11.2 

54.6 

14.9 

Total,  6  hours. 

29, 538 

17.0 

283.2 

266.  2 

-53.3 

212.9 

58.1 

1  a.  m.  to  3  a.  m  

10, 105 

.570 

5.8 

58.1 

52.3 

-  1.0 

51.3 

14.0 

3  a.  m.  to  5  a.  m  

10, 105 

.570 

5.8 

53.7 

47.9 

-  2.4 

45.5 

12.4 

5  a.  m.  to  7  a.  m  

10, 105 

.570 

5.8 

53.0 

47.2 

+  2.7 

49.9 

13.6 

Total,  6  hours. 

30, 315 

17.4 

164.8 

147.4 

-  .7 

146.7 

40.0 

Total,  1  day... 

118, 152 

68.0 

1,523.0 

1, 455.  0 

+  .8 

1,455.8 

397.0 

18-19 

7  a.  m.  to  9  a.  m  

9,328 

.  537 

5.0 

88T6~" 

83.6 

+56. 1 

139.7 

38TT 

9  a.  m.  to  11  a.  m  ... 

10, 105 

.537 

5. 4 

207.3 

201.9 

+14.3 

216. 2 

59.0 

11  a.  m.  to  1  p.  m  ... 

10, 105 

.537 

5.4 

211.  5 

206.1 

-21.2 

184.9 

50.4 

Total,  6  hours. 

29, 538 

15.8 

507.4 

491.6 

+49.2 

510.8 

147.5 

1  p.  m.  to  3  p.  m  

9, 328 

.548 

5.1 

135.8 

130.7 

+14.5 

145.  2 

3976 

3  p.  m.  to  5  p.  m  

10,105 

.548 

5.5 

209.7 

204.2 

+  7.9 

212.1 

57.8 

5  p.  m.  to  7  p.  m  

10, 105 

.548 

5.5 

207.5 

202. 0 

-24.3 

177.7 

48.5 

Total,  6  hours. 

29, 538 

16.1 

553.0 

536.9 

-  1.9 

535. 0 

145.9 

7  p.  m.  to  9  p.  m  

10, 105 

.570 

5.8 

120.8 

115. 0 

-29.0 

86.0 

23.5 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.570 

5.8 

84.4 

78.6 

-  9.5 

69.1 

18.8 

11  p.  m.  to  1  a.  m  ... 

9,328 

.570 

5.3 

65.7 

60.4 

-  7.8 

52.6 

14.3 

Total,  6  hours. 

29, 538 

16.9 

270.9 

254.0 

-46.3 

207.7 

56.6 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 

Venti- 
lation 
(num- 
ber of 
liters  of 
air). 


Carbon  dioxid. 


In  incoming 
air. 


(6) 


(c) 


Per  Total, 
liter,  axb. 


(d) 


In  out- 
going 
air. 


(«) 

Total 
excess 
in  out- 
going 
air, 
d-c. 


if) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 


(9) 
Cor- 
rected 
amount 
ex- 
haled 

by 
subject, 
e+f. 


{h) 

Total 
weight 
of  car- 
bon ex- 
haled, 
9  X  t3t- 


Experiment  No.  38— 
Continued. 

I  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  1  day. . . 

Total, 4  days.. 

Experiment  No.  39. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  . . . 

II  a.  m.  to  1  p.  m . . . 

Total,  6  hours. 

I  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours. 

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m  ... 

II  p.  m.  to  1a.m... 

Total,  6  hours. 

I  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  1  day  . . 

Preliminary  to  ex- 
periment No.  hO. 

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m... 

II  p.  m.  to  1  a.  m  ... 

Total,  6  hours. 

I  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours. 

Total,  \  day  .. 

Experiment  No.  hO. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  . . . 

II  a.  m.  to  1  p.  m  . . . 

Total,  6  hours. 


Liters. 
10, 883 
10, 105 
10, 105 


iVgs. 

0. 605 
.605 
.605 


Grams. 
6.6 
6.1 
6.1 


Grams. 
60.7 
51.2 
51.4 


Grams. 
54.1 
45.1 
45.3 


Grams. 
-2.1 
-  3.1 
+  1.9 


Grams. 
52.0 
42.0 
47.2 


31, 093 


IS. 


163.3 


141.2 


119, 707 


67.6 


1,494. 


1,427.0 


470,278 


9, 328 
10, 105 
9,328 


6, 174. 4 


5, 897. 4 


.549 
.549 
.549 


5.1 
5.5 
5.1 


65.4 
67.7 
58.3 


60.3 
62.2 
53.2 


28,  761 


191.4 


175.7 


10, 105 
10, 105 
9,328 


29, 538 


9,328 
9,328 
10,105 

28, 761 


.588 
.588 
.588 


5.9 
5.9 
5.5 


55.4 


57.8 
54.9 
49.9 


179.9 


162.  6 


.577 
.577 
.577 


5.4 
5.4 
5.8 


68.1 


62.7 
52.9 
54.8 


16.6 


187.0 


170.4 


10, 105 
10, 105 
10, 105 


30, 315 


117,375 


10, 105 


10, 105 


29, 538 

10, 105 
10, 105 
10, 105 


30,315 


,853 


600 
600 


6.1 
6.1 
6.1 


18.3 


.603 
,603 


6.] 
5.6 
6.  1 


17.8 


.  547 
.  547 
.547 


5.5 
5.5 
5.5 


16.5 


34.3 


10, 105 
9,328 
10, 105 


29, 538 


.560 
.560 
.560 


5.7 
5.2 
5.7 


16.6 


51.1 
49.8 
51.9 


45.0 
43.7 
45.8 


152.  8 


134.5 


103.7 
89.7 
78.0 


97.6 
84.1 
71.9 


271.4 


253. 6 


64.0 
57.7 
57.4 


58.5 
52.2 
51.9 


179.1 


162.6 


450.5 


416. 2 


123.2 
271.6 


117.5 
266.4 
303.1 


703.6 


17.0 


-  2. 


1,424.7 


5,895.4 


+  6.2 


2.0 


66.5 
62.4 
51.2 


+  4.4 


180. 1 


-  1.3 

-  .4 
+  .1 


56.5 
54.5 
50.0 


161.0 


2.8 
2.1 
3.0 


65.5 
50.8 
51.8 


-2.3 


168.1 


-2.6 
+  1.5 
+  6.3 


42.4 
45.2 
52.1 


+  5.2 


139.7 


+  5.7 


+  2. 
-  3. 
-11. 


100.2 
80.5 
60.3 


12.6 


241.0 


—  1.6 

-  2.8 
+  1.5 

-2.9 


56.9 
49.4 
53.4 


159.7 


-15.5 


400.7 


+85.2 
+32.6 
-29.8 


202.7 
299.0 
273.3 


+88.0 


775.0 


Grams. 
14.2 
11.4 
12.9 


3ss.  5 


1, 607.  6 


18.1 
17.0 
14.0 


49.1 


15.4 
14.9 
13.6 


43.9 


17.9 
13.9 
14.1 


45.9 


11.6 
12.3 
14.2 


38.1 
177.0 


27.3 
22.0 
16.4 


65.7 


15.5 
13.5 
14.6 


43.6 
109. 3 


55.3 
81.6 
74.5 


211.4 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


Carbon  dioxid. 

(a) 

Venti- 
lation 
(num- 
ber of 
liters  of 
air). 

(/') 

Total 
weight 
of  car- 
bon ex- 
haled, 
9  X  T3T. 

In  incoming 
air. 

id) 

(«) 

Total 
excess 
in  out- 
going 
air, 

q\   

( f\ 
U  ) 

Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

\9) 
Cor- 
rected 
amount 
ex- 
haled 

by 

subject, 
e  +/• 

Date. 

Period. 

(&) 

Per 
liter. 

(c) 
Total, 

In  out- 
going 
air. 

1901. 

Experiment  No.  AO — 
Continued. 

Liters. 

Mgs. 

Grains. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

1  p.  m.  to  3  p.  m  

9,  328 

0.  541 

5. 1 

202. 5 

197. 4 

+20. 7 

218. 1 

59. 5 

3  p.  m.  to  5  p.  m  

9,328 

.  541 

5. 1 

285. 0 

279. 9 

+  6.0 

285.9 

78.0 

5  p.  m.  to  7  p.  m  

10, 105 

.541 

5.5 

272. 4 

266. 9 

— 49. 2 

217.  7 

59.4 

Total,  6  hours. 

28, 761 

15.7 

759.9 

744.  2 

-22.5 

721.7 

196.9 

7  p.  m.  to  9  p.  m  

10, 105 

.574 

5.8 

147.  3 

141.  ft 

—40. 2 

101.  3 

27. 6 

9  p.  m.  to  11  p.  m  . . . 

10, 105 

.  574 

5. 8 

100.8 

95.0 

—  8.5 

86.5 

23.6 

11  ]>.  m.  to  1a.m... 

10, 105 

.574 

5.8 

79.1 

73.3 

-14.0 

59.3 

16.2 

Total,  6  hours. 

30, 315 

17.4 

327.  2 

309.8 

-62.  7 

247.1 

67  4 

1  a.  m.  to  3  a.  ni  .  — 

10, 105 

.  538 

5.4 

60.0 

54.6 

-  3.3 

51.  3 

14. 0 

3  a.  m.  to  5  a.  m  

10, 105 

.538 

5.4 

56.4 

51.0 

-  1.0 

50.0 

13.6 

5  a.  m.  to  7  a.  m  

10,883 

.538 

5.9 

63.7 

57.8 

+  2.5 

60.3 

16.4 

Total,  6  hours. 

31,093 

16.  7 

180.1 

163.4 

-  1.8 

161.6 

44.0 

Total,  1  day  . . 

119,  707 

66.4 

1,  970.  8 

1, 904. 4 

+  1.0 

1,905.4 

519.7 

== 

7  a.  m.  to  9  a.  m  

9, 328 
10, 105 

.  531 

5. 0 

106  3 

101  3 

+  59. 8 
+47.  9 

161. 1 

43. 9 

9  a.  m.  to  11  a.  m 

.  531 

5. 3 

256.  2 

250. 9 

298.  8 

81.5 

1]  a.  m.  to  1  p.  m... 

9,328 

.  531 

5.0 

269.  5 

264. 5 

-29.3 

235.2 

64.1 

Total,  6  hours. 

28,  761 

15.  3 

632.0 

616.  7 

+78.4 

695. 1 

189.5 

1  ]>.  m.  to  3  p.  ni .  

9, 328 

.  550 

5. 1 

181  2 

176  1 

+14.  5 

190. 6 



52. 0 

3  p.  m.  to  5  p.  in  ... . 

10,105' 

.  550 

5.  5 

289. 2 

283.7 

+  18.9 

302.6 

82. 5 

5  ]>  m.  to  7  p.  m  

9,328 

.  550 

5.1 

270. 5 

265. 4 

— 41. 3 

224. 1 

61  1 

Total,  6  hours. 

28, 761 

15.7 

740.9 

725.2 

-  7.9 

717.3 

195.6 

7  p.  m.  to  9  p.  m  ... . 

10, 105 

.  558 

5.  6 

156  2 

150  6 

— 46.  7 

103.  9 

oa  q 
/o.  o 

9  p.  m.  to  11  p.  in  . . . 

10, 105 

.  558 

ft.  6 

100.4 

94.8 

-  9.8 

85.0 

23.2 

11  p.  m.  to  1  a.  m . . . 

10, 105 

.558 

5.6 

80.0 

74.4 

-12.1 

62.3 

1 1 .  u 

Total,  6  hours. 

30,  315 

16.  8 

336.6 

319.8 

-68.6 

251. 2 

68.5 

1  a.  m.  to  3  a.  ni  

10, 883 

.  547 

5.  9 

64.  9 

59.  0 

-  2.7 

56.3 

15.4 

3  a.  m.  to  5  a.  m  

10, 105 

.547 

5.5 

56.4 

50.  9 

50.9 

13.9 

5  a.  m.  to  7  a.  m  

10, 105 

.547 

5.5 

57.0 

51.  5 

-  1.3 

50.2 

13.7 

Total,  6  hours. 

31,093 

16. 9 

178.3 

161.4 

-  4.0 

157.4 

43.0 

Total,  1  day  .. 

118,  930 

64.7 

1, 887. 8 

1, 823. 1 

-  2.1 

1,821.0 

496.6 

zo— iviar.i. 

7  a.  m.  to  9  a.  m  

9,  328 

.550 

5.1 

106.  0 

100.  9 

+79. 3 

180.  2 

49. 1 

9  a.  in.  to  11  a.  in ... 

9,328 

.  550 

5.1 

263.  7 

258.  6 

+36. 9 

295.  5 

80.6 

11  a.  m.  to  1  p.  m  ... 

9,328 

.550 

5.1 

279.  5 

274.  4 

-32.  9 

241.  5 

65. 9 

Total,  6  hours. 

27,  984 

15.  3 

649.2 

633.  9 

+83.3 

717.2 

195. 6 

1  p.  m.  to  3  p.  ru  

10, 105 

.610 

6.1 

20ft.  2 

199.1 

+15.6 

214.7 

58.6 

3  p.  m.  to  5  p.  m  

9,  328 

.610 

5.7 

271.  3 

26ft.  6 

+  18.4 

284.0 

77.4 

ft  j).  m.  to  7  p.  m  

9,328 

.610 

5.7 

261.7 

2ft6. 0 

-46.4 

209.  6 

57.2 

Total,  6  hours. 

28,  761 

17.5 

1  738.2 

720.7 

-12.4 

708.3 

193.2 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc — Continued. 


Carbon  dioxid. 


Venti- 

In  incoming 
air. 

(d) 

(e)' 
Total 

(/) 
Correc- 
tion for 
HHOunt 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 
ex- 
haled 
by 
subject. 
e+f. 

Total 
weight 

Period. 

( num- 
ber of 
liters  of 
air). 

Per 
liter. 

Kc) 

Total. 
a  x  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 

d~c. 

of  car- 
bon ex- 
haled, 
9  X  A- 

Experiment  Xo.  10 — 
Continued. 

Liters. 

Mgs. 

Grains. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

7  p.  m.  to  9  p.  m  

10, 105 

0.  572 

5.8 

1.50. 5 

144.7 

-42.9 

101.8 

27.8 

9  p   HI   to  11  JJ  3Ti 

10, 105 

.572 

5.8 

101. 7 

95. 9 

—10. 8 

85. 1 

23  2 

11  p.  m.  to  1  a.  m  . . . 

10,105 

.572 

5.8 

78.4 

72.6 

-12.8 

59.8 

16.3 

Total,  6  hours. 

30,  315 

17.4 

330.  6 

313.2 

—66. 5 

246.  7 

67.3 

la.  m,  to  3  a.  m  

10, 105 

.579 

5.8 

60.4 

54.6 

—  2.8 

51.8 

14. 1 

3  a.  m.  to  5  a.  m 

10, 105 

.579 

5.8 

49.6 

—  3.1 

46.5 

12.  7 

5  a.  m.  to  7  a.  m  

10, 105 

.579 

5.8 

57.  7 

51. 9 

+  2.9 

54.8 

14.9 

Total.  6  hours. 

30,  315 

17.4 

173.5 

156.1 

-  3.0 

153. 1 

41.  7 

Total,  1  day  .. 

117, 375 

67.6 

1, 891. 5 

1,  823. 9 

+  1.4 

1, 825. 3 

497.8 

7  a.  m.  to  9  a.  m  

10. 105 

.  5/o 

114.2 

108.4 

+79.4 

187.8 

51.2 

9  a.  m.  to  11  a.  m 

9  328 

.O/O 

5  4 

260. 8 

255.  4 

+38.  0 

293. 4 

80. 0 

11  a.  m.  to  1  p.  m  

8,551 

.  575 

4.9 

270.4 

265.5 

-31.8 

233.7 

63.  7 

Total.  6  hours. 

27,  984 

16.1 

645. 4 

629. 3 

+85. 6 

714.9 

194.9 

1  p.  m.  to  3  p.  m  

9,328 

.  561 

5. 2 

190.9 

185.7 

+10.6 

196.3 

53.5 

3  r>.  m.  to  5  p.  m  . 

9  328 

.  561 

0.  z 

266.  7 

261.  5 

+21. 3 

282. 8 

77  1 

5  p.  m.  to  7  p.  m  

9,328 

.561 

5.2 

275.9 

270.7 

-42.8 

227.9 

62.2 

Total.  6  hours. 

27,  984 

15.6 

733.5 

717.9 

—10.9 

707.0 

192.8 

7  p.  m.  to  9  p.  m  

10, 883 

.  579 

6.3 

175. 7 

169.4 

-49.1 

120.3 

32.8 

9  p.  m.  to  11  p.  tti 

9  328 

.  579 

5.4 

S3. 1 

90.  7 

—  8.1 

82. 6 

22. 5 

11  p.  m.  to  1  a.  m . . . 

10, 105 

.579 

5.8 

81.8 

76.0 

-12.6 

63.4 

17.3 

Total,  6  hours. 

30,  316 

17.5 

353.6 

336.1 

-69.8 

266.  3 

72.6 

1  a.  m.  to  3  a.  m  

10, 105 

.569 

5.  7 

63.7 

58.0 

-  4.2 

53.8 

14.7 

3  a.  m.  to  5  a.  m  

10, 105 

.569 

5.7 

60.0 

54.3 

-  1.3 

53.0 

14.5 

5  a.  m.  to  7  a.  m  

10, 105 

.569 

5.7 

58.3 

52.6 

52.6 

14.3 

Total,  6  hours. 

30, 315 

17.1 

182.0 

164.9 

—  5.5 

159.4 

43.  5 

Total,  1  day  . . 

116, 599 

66.3 

1, 914. 5 

1,848.2 

-  .6 

1,  847.  6 

503.8 

Total,  4  days  . 

472.  611 



265.  0 

7, 664.  6 

7, 399.  6 

—  .3 

7,  399.  3 

2.  017. 9 

!  Experiment  No.  &1. 

7  a.  m.  to  9  a.  in  

10, 105 

.  574 

5. 8 

119.1 

113.3 

+82. 6 

195.9 

53.4 

Q  i\    vn    tf\  11  a  m 

•J  tx.   lli .    LU  JLJ.  <X.    1 1  1   .  .  . 

9  3'<>8 

.  574 

5.  3 

259  7 

254  4 

+24. 0 

278. 4 

75  9 

11  a.  m.  to  1  p.  m  

8,551 

.  574 

4.9 

238.8 

233.9 

-34.3 

199.6 

54.4 

Total,  6  hours. 

27, 984 

16.0 

617.6 

601.6 

+72.3 

673. 9 

183.7 

1  p.  m.  to  3  p.  m  

10, 105 

.569 

5.8 

194.4 

188.6 

+23.0 

211. 6 

57.7 

3  p.  m.  to  5  p.  m  

9. 328 

.569 

5.3 

258.4 

253. 1 

+  9.5 

262.6 

71.6 

5  p.  m.  to  7  p.  m  

10, 105 

.569 

5.8 

260.4 

254.6 

-33.8 

220.8 

60.2 

Total,  6  hours. 

29, 438 

16.9 

713. 2 

696.3 

-  1.3 

695. 0 

189.5 

7  p.  m.  to  9  p.  m  

9, 328 

.  557 

5.2 

130.6 

125.4 

-48.7 

76.7 

20.9 

9  p.  m.  to  11  p.  m  . . . 

10, 105 

.557 

5.6 

90.5 

84.9 

-  9.8 

75.1 

20.5 

11  p.  m.  to  1  a.  m  . . . 

10,105 

.557 

5.6 

7G.2 

70.6 

-  5.7 

64.9 

17.7 

Total,  6  hours. 

29, 538 

16.4 

297.3 

|    280. 9 

-64.2 

i    216. 7 

59.1 

1901. 
28-Mar.l. 
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Table  118.—  Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(3) 

(e) 

Total 
excess 
in  out- 
going 
air, 
d-c. 

„  if) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

Cor- 
rected 
amount 
ex- 
haled 

by 
subject, 
e+f. 

Date. 

Period. 

(num- 

liters  of 
air). 

■  (&) 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

of  car- 

9  x  ft! 

1901. 

Experiment  No.  Ul — 
Continued. 

Liters. 

Mgs. 

Gi'Ci7ns. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Mar.  2-3  

1  a.  m.  to  3  a.  m  

10,105 
10, 105 

0.545 

5.5 

65.5 

60. 0 

—  5.5 

54.5 

14.9 

3  a.  m.  to  5  a.  m  

.545 

5.5 

59. 6 

54. 1 

—  1. 3 

52. 8 

14.4 

5  a.  m.  to  7  a.  m  

10, 105 

.545 

5.5 

60.1 

54.6 

+  .3 

54.9 

15.0 

Total,  6  hours. 

30, 315 

16.5 

185. 2 

168.7 

—  6.5 

162.2 

44.3 

Total,  1  day  .. 

117, 275 

65.8 

1, 813. 3 

1, 747. 5 

+  .3 

1,747.8 

476.  6 

3_4  

7  a.  m.  to  9  a.  m 

10  105 

.  525 

5. 3 

105.2 

99.9 

+66.0 

165.9 

45. 2 

9  a.  m.  to  11  a.  m  . . . 

9,328 

.  525 

4. 9 

224.  6 

219.  7 

+26. 4 

246. 1 

67.1 

11  a.  m.  to  1  p.  m... 

10,105 

.525 

5.3 

258.2 

252.9 

-24.1 

228.8 

62.4 

Total,  6  hours. 

29,538 

15.5 

588. 0 

572. 5 

+68.3 

640.8 

174.7 

1  p.  m.  to  3  p.  ni ... 

9,328 

.  556 

5. 2 

166.9 

161.7 

+16.3 

178.0 

48.5 

3  p.  m.  to  5  p.  m  

9,328 

.  556 

5. 2 

239. 9 

234. 7 

+15. 3 

250. 0 

68.2 

5  p.  m.  to  7  p.  m  

10, 105 

.556 

5.6 

261.8 

256.2 

-33.9 

222.3 

60. 6 

Total,  6  hours. 

28, 761 

16.0 

668.  6 

652.6 

—  2.3 

650.3 

177.3 

i  |».  ill.  lU  17  yr*  HI  .... 

9  328 

.572 

5.3 

127.4 

122.1 

-44.2 

77.9 

21 . 2 

9  p.  m.  to  11  p.  m... 

10, 105 

.572 

5.8 

90.  4 

84.6 

—11.4 

73.2 

20.0 

11  p.  m.  to  1  a.  m  ... 

9,328 

.572 

5.3 

63.8 

-  8.1 

55.7 

15. 2 

Total,  6  hours. 

28, 761 

16.4 

286.9 

270.5 

-63.7 

206.8 

56.4 

1  a.  m.  to  3  a.  m  

10, 105 

.571 

5.8 

61.7 

55.9 

—  1.3 

54.6 

14. 9 

3  a.  m.  to  5  a.  m  

10, 105 

.571 

5.8 

58.0 

52.2 

—  1.8 

50. 4 

13.8 

5  a.  m.  to  7  a.  m  

9,328 

.571 

5.3 

55.8 

50.5 

+  2.9 

53.4 

14.6 

Total,  6  hours. 

29, 538 

16.9 

175.5 

158.6 

-  .2 

158.4 

43.3 



Total,  1  day  .. 

116, 598 

64.8 

1,  719. 0 

1, 654. 2 

+  2.1 

1,  656. 3 

45L7 

4-5 

7  &    111    to  9  &  TTj 

9  a.  m.  to  11  a.  m  . . . 

10  105 

9,328 

553 
.  553 

5. 6 
5. 2 

109.1 
245.  5 

103.5 
240. 3 

+74.7 
+23. 1 

178.2 
263. 4 

48.  6 

71.8 

11  a.  m.  to  1  p.  m  ... 

9,328 

.553 

5.2 

244.5 

239.3 

-31.8 

207.5 

56.6 

Total,  6  hours. 

28, 761 

16.0 

599. 1 

583. 1 

+66.0 

649.1 

177.0 

l  p.  m.  to  o  p.  ni .... 

9  328 

.  555 

5. 2 

166.6 

161.4 

+14.7 

176. 1 

48. 0 

3  p.  m.  to  5  p.  m  

9,328 

555 

5. 2 

233. 2 

228. 0 

+12. 9 

240. 9 

65.7 

5  p.  m.  to  7  p.  m  

10, 105 

.555 

5.6 

255.0 

249. 4 

-36.4 

213.0 

58.1 

Total,  6  hours. 

28, 761 

16.0 

654. 8 

638.8 

—  8.8 

630. 0 

171.8 

1  W    TY1     \d  Q  T\  TY1 
/    y ' .    SIX.    VKJ   17  jJ.    ill  .  .  .  . 

10  105 

.591 

6.0 

135. 5 

129.  5 

-34.7 

94.8 

25. 9 

9  p.  m.  to  11  p.  m ... 

10, 105 

.591 

6.0 

95. 1 

89. 1 

—11.  6 

77. 5 

21.1 

11  p.  m.  to  1a.m... 

9,328 

.591 

5.5 

69.3 

63.8 

-10.7 

53.1 

14.5 

Total,  6  hours. 

29,538 

17.5 

299.9 

282.4 

-57.0 

225.4 

61.5 

1  a.  m.  to  3  a.  m  

10, 105 

.600 

6.1 

60.2 

54.1 

-  2.8 

51.3 

14.0 

3  a.  m.  to  5  a.  m  

10, 105 

.600 

6.1 

58.3 

52.2 

-  1.3 

50.9 

13.9 

5  a.  m.  to  7  a.  m  

10. 105 

.600 

6.1 

55.0 

48.9 

+  1.1 

50.0 

13.6 

Total,  6  hours. 

30, 315 

18.3 

173. 5 

155.2 

-  3.0 

152.2 

41.5 

Total,  1  day  .. 

117,375 

67.8 

1, 727. 3 

1, 659. 5 

-  2.8 

1,656.7 

451.8 

253 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 
Venti- 

Carbon dioxid. 

(h) 

In  incoming 
air. 

(d) 

(«) 
Total 

(/) 
Correc- 
tion for 

(9) 
Cor- 
rected 

Total 
weight 

Period. 

lation 
(num- 
ber of 
liters  of 
air). 

y°) 

Per 
liter. 

Total, 
(J  X  ft. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 
d-c. 

amount 

re- 
main- 
ing in 
cham- 
ber. 

amount 
ex- 
haled 

by 
subject, 
e+f. 

of  car- 
bon ex- 
haled, 
9  X  T3X. 

Continued. 

Liters. 

mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grains. 

Grams. 

7  a.  m.  to  9  a.  m  . . . . 

9,328 

0.563 

5.3 

96. 6 

91.3 

+77.0 

168.3 

45.9 

9  a.  m.  to  11  a.  m  ... 

9,328 

.563 

5.3 

256.4 

251.1 

+40.1 

291.2 

79.4 

11  a.  m.  to  1  p.  m  . . . 

9,328 

.563 

5.3 

292.0 

286.7 

-30.4 

256.3 

69.9 

Total,  6  hours. 

27, 984 

15.9 

645. 0 

629. 1 

+86. 7 

715. 8 

195.2 

1  p.  ni.  to  3  p.  m . . . . 

9,328 

.547 

5. 1 

191.3 

186.2 

+  7.5 

193.  7 

52.8 

3  p.  m.  to  5  p.  m  

8, 551 

.547 

4.  7 

235. 4 

230.7 

+  8.7 

239.4 

65.3 

5  p.  m.  to  7  p.  m  

10, 105 

.547 

5.5 

248.2 

242.7 

-42.2 

200.5 

54.7 

Total,  6  hours. 

27, 984 

15.3 

674.  9 

659.  6 

—26. 0 

633.  6 

172.8 

7  p.  m.  to  9  p.  m  

9, 328 

.598 

5.6 

123.2 

117.6 

—39.5 

78.1 

21.3 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.598 

6.0 

87.2 

81.2 

-  8.6 

72. 6 

19.8 

lip.  m.  to  1  a.  m... 

10, 883 

.598 

6.5 

82.3 

75.8 

-  9.6 

66.2 

18.1 

Total,  6  hours. 

30, 316 

18.1 

292.7 

274.6 

-57.7 

216.9 

59.2 

1  a.  m.  to  3  a.  ni  

10, 105 

.595 

6.0 

62.1 

56.1 

+  .1 

56.2 

15.3 

3  a.  m.  to  5  a.  m  

9,328 

.595 

5.5 

53.1 

47.6 

-  5.7 

41.9 

11.4 

D  ft.  Ill »  to  /  r.  m  .... 

10  105 

.595 

6.0 

53.7 

47.7 

+  1.0 

48.7 

13. 3 

Total,  6  hours. 

29, 538 

17.5 

168.9 

151.4 

-  4.6 

146.8 

40.0 

Total,  1  day... 

115, 822 

66.8 

1,781.5 

1,714.7 

-  1.6 

1,  713. 1 

467/2 

Total, 4  days.. 

467, 270 

265.2 

7,041.1 

6, 775.  9 

-  2.0 

6,  773. 9 

1,847.3 

Experiment  No.  U2. 

7  a.  m.  to  9  a.  m  . . . . 

10, 105 

576 

5.8 

72.  4 

66.6 

+  8.5 

75.1 

20.5 

9  a.  m.  to  11  a.  m  . . . 

8,551 

.  576 

4.  9 

57.1 

52.2 

—  3.1 

49.1 

13.4 

11  a.  m.  to  1  p.  m  . . . 

9,328 

.576 

5.4 

59.6 

54.2 

-  1.5 

52.7 

14.4 

Total,  6  hours. 

27,  984 

16.1 

189. 1 

173. 0 

+  3. 9 

176. 9 

48.3 

1  p.  m.  to  3  p.  m  . . . . 

6,996 

.  558 

3. 8 

56.0 

52.2 

—  .8 

51.4 

14.0 

3  p.  m.  to  5  p.  m  

11, 660 

.  558 

6.  5 

58.9 

52.4 

—  1.8 

50.6 

13.8 

5  p.  m.  to  7  p.  m  

10, 105 

.558 

5.6 

57.8 

52.2 

+  1.5 

53.7 

14.6 

Total,  6  hours. 

28,  761 



15.9 

172.  7 

156. 8 

—  1.1 

155.  7 

42.4 

7  p.  m.  to  9  p.  to.  

10, 105 

.588 

5.9 

59.6 

53.7 

—  1.8 

51.9 

14.2 

9  p.  m.  to  11  p.  m... 

10, 105 

.588 

5.9 

54.  7 

48.8 

—  .8 

48.  0 

13.1 

11  p.  m.  to  1  a.  m  . . . 

10, 105 

.588 

5.9 

54.6 

48.7 

—    .  8 

47.9 

13.1 

Total,  6  hours. 

30,  315 

17.7 

168.9 

151.2 

-  3.4 

147.8 

40.4 

1  a.  in.  to  3  a.  m  

10, 105 

.536 

5.4 

50.9 

45.5 

-  .9 

44.  S 

12.1 

3  a.  m.  to  5  a.  m  

9,328 

.536 

5.0 

48.9 

43.9 

+  .9 

44.8 

12.2 

5  a.  m.  to  7  a.  m  

10, 105 

.536 

5.4 

54.9 

49.5 

+  .4 

49.9 

13.6 

Total,  6  hours. 

29, 538 

15.8 

154.7 

138.9 

+  .4 

139.3 

37.9 

Total,  1  day... 

116, 598 

65.5 

685.4 

619.9 

-  .2 

619.7 

169.0 

254 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

{d) 

w 

Total 
excess 
in  out- 
going 

air, 
d  -  c. 

Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(g) 

Cor- 
rected 
amount 
ex- 
haled 

by 
subject, 
e  +/. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air) . 

•  (b) 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

of  car- 
bon ex- 
haled, 
0  X  T3r. 

1901. 

Experiment  No.  US. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grains. 

Grams. 

Grams. 

Grams. 

Mar.  29-30  

7  a.  m.  to  9  a.  m  

9,328 

0.700 

6.5 

100. 5 

94.  0 

+70. 1 

164. 1 

44.8 

9  a.  m.  to  11  a.  m .... 

10, 105 

.700 

7.1 

250.  6 

243.  5 

+23. 1 

266.6 

72.7 

11  a.  m.  to  1  ]>.  m  ... 

9, 328 

.700 

6.5 

246.  5 

240.0 

-25.9 

214. 1 

58.4 

Total,  6  hours. 

28,761 

20.1 

597.  fi 

577.  5 

+67.3 

644.8 

175. 9 



1  p.  m.  to  3  p.  m  

9, 328 

.700 

6.5 

186.  4 

•  179. 9 

•+45. 0 

224  9 

61.3 

3  p.  m.  to  5  ]>.  in  

9,328 

.700 

6.5 

274.8 

268.  3 

-  1.8 

266.  5 

72.7 

5  p.  m.  to  7  p.  m  

10,105 

.700 

7.1 

274.9 

267. 8 

-41.4 

226.  4 

61.8 

Total,  6  hours. 

28,  761 

20.1 

736. 1 

716.  0 

+  1.8 

717.8 

195. 8 

7  p.  m.  to  9  p.  in  

10, 105 

.  564 

5.7 

147. 1 

141.  4 

 47_  i 

94.  3 

25.7 

9  p.  m.  to  11  p.  ra... 

10, 105 

.564 

5. 7 

97.9 

92.2 

—  7.  7 

84.5 

23.0 

11  p.  in.  to  1  a.  m  . . . 

9,328 

.564 

5.3 

71.1 

65.8 

-11.5 

54.3 

14.8 

Total,  (i  hours. 

29, 538 

16.7 

316.1 

299.  4 

-66.3 

233. 1 

63. 5 

1  a.  m.  to  3  a.  m  

10, 105 

.  629 

6. 4 

62.5 

56. 1 

—  1.7 

54.4 

14.8 

3  a.  m.  to  5  a.  m  

10, 105 

.629 

6.4 

58.8 

52.4 

-  2.4 

50. 0 

13.6 

a.  m.  to  7  a.  in  

10, 105 

.  629 

6.4 

57.6 

51.2 

+  1.1 

52.3 

14.3 

Total,  6  hours. 

30, 315 

19.2 

178.9 

159. 7 

-  3.0 

156.7 

42.7 

Total,  1  day  .. 

117,375 

76.1 

1,  828.  7 

1,752.6 

-  .2 

1, 752. 4 

477.9 

30-31  

7  a.  m.  to  9  a.  m  

9, 328 

.545 

5.1 

96.  0 

90. 9 

+66. 5 

157. 4 

42.9 

9  a.  m.  to  11  a.  m  ... 

10, 105 

.545 

5. 5 

262. 4 

256.  9 

+34.9 

291.8 

79.6 

11  a.  m.  to  1  p.  m ... 

9,328 

.  545 

5.1 

252. 1 

247.  0 

-31.4 

215.6 

58.8 

Total,  6  hours. 

28,  761 

15.7 

610.5 

594.  8 

+  70.0 

664. 8 

181.3 

1  p.  m.  to  3  p.  m  

9,328 

.633 

5.9 

168.  8 

162.  9 

+  8.  7 

171. 6 

46.8 

3  p.  m.  to  5  p.  m  

9,328 

.  633 

5.9 

221.  8 

215. 9 

+  6.9 

222.8 

60. 8 

5  p.  m.  to  7  ]>.  in  

10, 105 

.633 

6.4 

223.2 

216.8 

-33.7 

183.1 

49.9 

Total,  (i  hours. 

28,  761 

18.2 

613.8 

595.  6 

-18.1 

577. 5 

157.5 

7  p.  m.  to  9  p.  m  

10, 105 

.628 

6.3 

134.  6 

128.  3 

 28. 1 

100. 2 

27.3 

9  p.  m.  to  11  p.  in . . . 

10, 105 

.628 

6.3 

97.1 

90.8 

-  7.3 

83.5 

22.8 

11  p.  m.  to  1  a.  m  . . . 

10, 105 

.628 

0.3 

77.  5 

71.2 

-13.9 

57.3 

15.6 

Total,  6  hours. 

30,315 

18.9 

309.2 

290.3 

-49.3 

241.0 

65.7 

1  a.  in.  to  3  a.  m  

10, 105 



.  598 

6.0 

62.  8 

56.8 

-  1.1 

55.7 

15.2 

3  a.  m.  to  5  a.  m  

10, 105 

.598 

6.0 

■60.  7 

54.7 

-  2.0 

52.7 

14.4 

5  a.  m.  to  7  a.  m  

10, 883 

.598 

6.5 

62.7 

56.2 

+  1.5 

57.7 

15.7 

Total,  6  hours. 

31,093 

18.5 

186.2 

167.7 

-  1.6 

166.1 

45.3 

Total,  1  day  .. 

118, 930 

71.3 

1,719.7 

1,  648. 4 

+  1.0 

1,  649. 4 

449.8 

31-Apr.l. 

7  a.  m.  to  9  a.  m  

9,328 

.517 

4.8 

105.1 

100.3 

+68.5 

168.8 

46.0 

9  a.  m.  to  11  a.  m  ... 

9, 328 

.517 

4.8 

220. 1 

215. 3 

+  8.0 

223. 3 

03.9 

11  a.  rii.  to  1  p.  m  ... 

9,328 

.517 

4.8 

216.6 

211.  8 

-  9.2 

202.6 

55.2 

Total,  (5  hours. 

27,  984 

14.4 

541.8 

527.4  j  +67.3 

594.  7 

162.1 

255 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  cm-rait,  etc — Continued. 


(a) 

Carbon  dioxid. 

(h) 

Venti- 
lation 

In  incoming 
air. 

(d) 

1  (e) 
1  Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 

ex- 
haled 

by 
subject 
e+f. 

Total 
weight 

Date. 

Period. 

(num- 
ber of 
lite  oi 
air). 

(b) 

Per 
1  ter. 

(o) 
Total, 

In  out- 
going 
air. 

excess 
in  out- 
going 
air 
d  —  c. 

of  car- 
bon ex- 
1  haled, 
9*  A- 

1901 

Experiment  No.  US — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 



Grams. 

Mar.  31-Apr.  1. 

1  p  in  to  3  p  m 

9, 32S 

0. 616 

5. 7 

183. 5 

177.8 

+35. 9 

213.7 

58.3 

3  p  in  to  5  p  m 

O,  001 

.616 

5.3 

251.3 

246.0 

-32.6 

213.  4 

58. 2 

5  p.  m.  to  7  p.  m  

9,328 

.616 

5.  7 

235. 1 

229. 4 

+21.7 

251. 1 

68.5 

Total,  6  hours. 

27,  207 

16.7 

669.9 

653.2 

+25.0 

678.2 

185. 0 



7  p.  m.  to  9  p.  m 

10  105 

.584 

5.9 

143.0 

137.1 

-69.6 

67.5 

18. 4 

0  Tt     TY1     to  1  1    T\  Til 
i7|».   111.    Hi  J  1    1>.   JJL  ... 

9, 328 

.  584 

88.7 

83.2 

-10.6 

72.6 

19. 8 

11  p.  m.  to  1  a.  m  ... 

10, 105 

.584 

5.  9 

74.6 

68.  7 

—10.9 

57.8 

15.8 

Total,  6  hours. 

29, 538 

17.3 

306. 3 

289. 0 

—91.1 

197. 9 

54.0 

1  a.  m.  to  3  a.  m  

10, 105~ 

.584 

5.9 

60.8 

54.9 

-  2.7 

52.2 

14.2 

3  a.  m.  to  5  a.  m  

10,105 

.  584 

5  Q 

58.0 

52.1 

+  .7 

52.8 

14.4 

5  a.  m.  to  7.  a.  m  

10,105 

.584 

5.9 

55. 9 

50.  0 

—    .  5 

49.5 

13.5 

Total,  6  hours. 

30,  315 

17.7 

174. 7 

157.0 

—  2.5 

154.5 

42.1 

Total,  1  day  .. 

115, 04-1 

66.1 

1, 692.  7 

1,626.6 

-  1.3 

1, 625. 3 

443.2 

Apr.  1-2  

/  a.  in.  to  y  <i.  hi  .... 

9, 328 

.561 

5.2 

102.6 

97.4 

+65.8 

163.2 

44. 5 

Q  r»    m    tn  11  a  Tit 

v  cl.  Hi.  LU  JLX  it.  111  ... 

7,  774 

.561 

4.4 

203.7 

199.3 

+51.4 

250.7 

68. 4 

11  a,  m.  to  1  p.  m  ... 

9,328 

.561 

5.2 

245. 1 

239.  9 

—52.2 

187.7 

51.2 

Total,  6  hours. 

26, 430 

14.8 

551. 4 

536.6 

+65.0 

601.6 

164.1 

1  p.  111.  to  3  p.  HI  .... 

8, 551 

.607 

5.2 

151.2 

146.0 

+21.1 

167.1 

45. 6 

3  p.  in.  to  o  p.  hi  .... 

9, 328 

.607 

5.7 

241.  0 

235.  3 

+11.4 

246.7 

67. 3 

5  p.  m.  to  7  p.  m  

9,328 

.  607 

5.  7 

237. 9 

232.  2 

—34.7 

197.5 

53.9 

Total,  6  hours. 

27,  207 

16.6 

630.1 

613.  5 

-  2.2 

611.3 

166.8 

/  p.  311.  to  9  p.  Tn  .... 

9.  328 

.571 

5.3 

136.0 

130.7 

-38.3 

92.4 

25. 2 

v  p.  111.  LO  11.  U.  Ill  ... 

10, 105 

.  571 

5. 8 

99.6 

93.8 

-  6.4 

87.4 

23. 8 

11  p.  m.  tola.  m... 

10, 105 

.571 

5.8 

82.4 

76.6 

—14.0 

62.6 

17. 1 

Total,  6  hours. 

29, 538 

16.9 

318.0 

301. 1 

—58.  7 

242. 4 

66.1 

1  a.  m.  to  3  a.  ni  

10, 105 

.664 

6.  7 

61.8 

55. 1 

—  4.4 

50.  7 

13.8 

3  a.  m.  to  5  a.  m 

10, 105 

.664 

6.  7 

56.5 

49.8 

+  .3 

50.1 

13.6 

5  a.  m.  to  7  a.  m  

9,328 

.664 

6.2 

53.0 

46.8 

-  .8 

46.0 

12.5 

Total,  6  hours. 

29, 538 

19.6 

171. 3 

151.  7 

—  4. 9 

146. 8 

39.9 

Total,  1  day... 

112, 713 

67.  9 

1,670.8 

1,602.9 

—  .8 

1,602.1 

436.9 

Total,  4  days.. 

464,062 

281.4 

6,  911.  9 

6, 630.  5 

—  1.3 

6, 629. 2 

1,807.8 

Experiment  No.  AU. 

i  a.  m.  to  9  a.  m  . . . . 

10, 105 

.557. 

5.6 

109.4 

103.8 

+  6S.4 

172. 2 

47. 0 

9  a.  in .  to  11  a.  m  ... 

9, 328 

.557 

5.2 

229.2 

224. 0 

+29.1 

253.1 

oy.  u 

11  a.  m.  Xo  1  p.  m  . . . 

9,328] 

.557 

5.2 

248. 6 

OAt  A 

oa  a 

—  Z4.  o 

01  ft  A 

59.6 

Total,  6  hours. | 

28,761 

16.0 

587.2 

571.  2 

+  72.7 

643.  9 

175.6 

1  p.  in.  to  3  p.  m  

9,  328  j 

.  535 

5.0 

177.3 

172.  3 

+20. 0 

192.  3 

52.4 

3  p.  m.  to  5  p.  in  

8,551  | 

.  535 

4.6 

246.3 

241.7 

+29.0 

270.  7 

73.8 

5  p.  in.  to  7  ]>.  in  

9,328  | 

.535 

5.0 

309.2  I 

304. 2 

-20.  S 

283. 4 

77.3 

Total,  6  hours. 

27, 207 

14.6  1 

732.  8 

718. 2 

+28. 2 

746.4 

203.  5 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(«) 
Total 

</) 

Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 
ex- 
haled 

by 

subject, 
e+J. 

Period. 

(num- 
ber of 
liters  of 
air). 

(&) 

Per 
liter. 

(c) 

Total, 

a  X  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 

^  c 

of  car- 
bon ex- 
haled, 
a  x  vV. 

if  "  TT* 

Hj.VJ)€V i '  III  flit  jVo  U ■+ 

Continued. 

Liters. 



Mrit 

y  • 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

7  p.  m.  to  9  p.  m  

9,328 

0.  611 

5.7 

170. 9 

165.2 

—63.9 

101. 3 

27.6 

9  p.  m.  to  11  p.  m ... 

9,328 

.611 

5.7 

109.  2 

103.5 

-10.4 

93.1 

25.4 

11  p.  m,  tola.  m... 

9,328 

.611 

5.7 

87.1 

81  4 

-17.3 

64.1 

17.5 

Total,  6  hours. 

27,984 

17.1 

367.  2 

350. 1 

-91.6 

258. 5 

70.5 

1  a.  in.  to  3  a.  m  

9, 328 



.629 

5.9 

62  0 

56  1 

  a.  g 

47  6 

13.0 

3  a.  m.  to  5  a.  m  

10, 105 

.629 

6.4 

61.9 

55.5 

+  2.6 

58.1 

15.9 

5  a.  m.  to  7  a.  m  

9, 328 

.629 

5.9 

58.1 

52.2 

-  .6 

51.6 

14.1 

Total,  6  hours. 

28,  761 

18.2 

182.0 

163.8 

-  6.5 

157.3 

43.0 

Total,  1  day.. . 

112, 713 

65.9 

1  869  2 

1  803  3 

1  806  1 

492.6 

7  a.  m.  to  9  a.  m  

8, 551 

.615 

5.3 

95.4 

90.1 

+68.1 

158.2 

43.1 

9  a.  m.  to  11  a.  m  ... 

8, 551 

.615 

5.3 

224.1 

218.8 

+38.6 

257.4 

70.2 

11  a.  m.  to  1  p.  m  ... 

8,551 

.615 

5.3 

251.8 

246.5 

-24.8 

221.7 

60.5 

Total,  6  hours. 

25, 053 

15.9 

571. 3 

555. 4 

+81.9 

637.3 

173.8 

1  p.  ni.  to  3  p.  in  

8,551 

.600 

5.1 

187. 1 

182.0 

+27.3 

209.3 

57.1 

3  p.  m.  to  5  p.  m  

8,551 

.600 

5.1 

273.8 

268.7 

+17.2 

285.9 

78.0 

5  p.  m.  to  7  p.  in  

10, 105 

.600 

6.1 

302.6 

296.  5 

-51.6 

244.9 

66.8 

Total,  6  hours. 

27,207 



16.3 

/DO.  O 

747. 2 

-  7.1  740.1 

201. 9 

7  p.  m.  to  9  p.  m  .  

9,328 

.  636 

5.9 

149.  5 

143. 6 

-45.3 

98.3 

26.8 

9  p.  m.  to  11  p.  m . . . 

10,105 

.636 

6.4 

113.5 

107.1 

-  7.5 

99.6 

27.2 

11  p.  m.  to  1a.m... 

10, 105 

.636 

6.4 

83  2 

76.8 

-19.4 

57.4 

15.6 

Total,  6  hours. 

29, 538 

18.7 

346.2 

327.5 

-72.2 

255.3 

69.6 

1  a.  m.  to  3  a.  in  

9, 328 

.  550 

5.1 

OO.  o 

50.  7 

-  3.3 

47.4 

1279 

3  a.  m.  to  5  a.  m  

10, 105 

.  550 

5.6 

60.8 

55.2 

_    _  2 

55.0 

15.0 

5  a.  m.  to  7  a.  in  

10, 882 

.550 

6.0 

62.5 

56.5 

—  .8 

55.7 

15.2 

Total,  6  houus. 

30, 315 

16.7 

179.1 

162. 4 

-  4.3 

158.1 

43.1 

Total,  1  day... 

112,  713 



67.6 

1,  OOU.  1 



1, 792. 5 

-  1.7 

1, 790. 8 

488.4 

7  a.  m.  to  9  a.  m  

8,551 

.584 

5.0 

96. 9 

91. 9 

+77.1 

169.0 

46.1 

9  a.  m.  to  11  a.  m  . . . 

9,328 

.584 

5.4 

247. 5 

242.1 

+23.8 

265.9 

72.5 

11  a.  in.  to  1  p.  m  ... 

10, 105 

.584 

5.9 

279.7 

273.8 

-26.4 

247.4 

67.5 

Total,  6  hours. 

27,984 

16.3 

624. 1 

607. 8 

+74.5 

682.3 

186.1 

1  p.  in.  to  3  p.  m  

9, 328 

.584 

5.4 

185.6 

180.2 

+30.2 

210.4 

57.4 

3  p.  m.  to  5  p.  m  

9,328 

.584 

5.4 

288.6 

283.2 

+28.0 

311.2 

84.9 

5  p.  m.  to  7  p.  m  

10, 105 

.584 

5.9 

297.3 

291.  4 

-56.9 

234.5 

63.9 

Total,  6  hours. 

28,  761 

16.7 

771.5 

754.8 

+  1.3 

756.1 

206.2 

7  p.  in.  to  9  p.  m  

9, 328 

.595 

5.6 

146.0 

140.4 

-43.8 

96.6 

26.3 

9  p.  m.  to  11  p.  m . . . 

10,105 

.595 

6.0 

112. 5 

106.5 

-  9.0 

97.5 

26.6 

11  p.  m.  to  1  a.  m  . . . 

10, 105 

.595 

6.0 

82.5 

76.5 

-19.2 

57.3 

15.6 

Total,  6  hours. 

29, 538 

17.6 

341.0 

323.4 

-72.0 

251.4 

68.5 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(6) 
Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing m 
cham- 

iff) 
Cor- 
rected 
amount 

ex- 
haled 

bv 
subject, 

p  a-  f 
e  -rj. 

Date. 

Period. 

(num- 

liters  of 
air). 

(&) 

Per 
liter. 

(c) 

Total, 
a  X  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 
d  —  c. 

of  car- 
haled, 
9  X  T3T. 

1901. 

Experiment  No.  hh — 
Continued. 

Liters. 

Was 

( xVfl  til  s 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Apr.  4-5  

1  a.  m.  to  3  a.  m  

10,105 

0. 585 

5.9 

60. 6 

54. 7 

—  4.  6 

50. 1 

13.7 

3  a.  m.  to  5  a.  m  

10,105 

.585 

5.9 

58.3 

52.4 

+  2.1 

54.5 

14.9 

5  a.  m.  to  7  a.  m  

10,105 

.585 

5.9 

61.8 

55.9 

-  .3 

55.6 

15.1 

Total,  6  hours. 

30,315 

17.7 

180.7 

163.0 

-  2.8 

160.2 

43.7 

Total,  1  day... 

116, 598 

68.3 

1  917. 3 

1  849. 0 

-1-10 

1  850. 0 

504.5 

5-6 

7  a.  m.  to  9  a.  m  

9,328 

.575 

5.4 

110. 2 

104. 8 

+75  .»0 

179. 8 

49.0 

9  a.  m.  to  11  a.  ru  

9, 328 

.575 

5.4 

258.0 

252.6 

+37.0 

289.6 

79.0 

11  a.  m  to  1  p.  m  

9,328 

.575 

5.4 

285. 5 

280.1 

-27.2 

252.9 

69.0 

Total,  6  hours. 

27, 984 

16.2 

653. 7 

637.  5 

+84. 8 

722  3 

197.0 

1  p.  m.  to  3  p.  m  

10, 105 

.613 

6.2 

217.  4 

211.  2 

+21. 3 

232. 5 

63.4 

3  p.  m.  to  5  p.  m  

9,328 

.613 

5.7 

286.  9 

281.2 

+15.0 

296.2 

80.8 

5  p.  m.  to  7  p.  m  

9,328 

.613 

5.7 

311. 3 

305.6 

-34.9 

270.7 

73.8 

Total,  6  hours. 

28,  761 

17.6 

815.  6 

798. 0 

-1-14 

799  4 

218. 0 

7  p.  m.  to  9  p.  m  

10, 105 

.650 

6.6 

173. 9 

167.  3 

— 52.  8 

114.  5 

31.2 

9  p.  m.  to  11  p.  m  . . . 

9, 328 

.650 

6.1 

110.3 

104.2 

-12.0 

92.2 

25.2 

11  p.  m.  tola.  m... 

10, 105 

.650 

6.6 

86.3 

79.7 

-18.3 

61.4 

16.7 

Total,  6  hours. 

29,  538 

19.3 

370.5 

351.2 

—83. 1 

268. 1 

73.1 

1  a.  m.  to  3  a.  m  

10, 105 

.586 

5.9 

64.4 

58.5 

-  2.9 

55.6 

15.2 

3  a.  m.  to  5  a.  m  

10, 105 

.586 

5.9 

60. 6 

54.  7 

—  1.5 

53.  2 

14.5 

5  a.  m.  to  7  a.  m  .  

10, 883 

.586 

6.4 

63.3 

56.9 

-  1.1 

55.8 

15. 2 

Total,  6  hours. 

31,  093 

18.2 

188.3 

170.1 

-  5.5 

164.6 

44.9 

Total,  1  day... 

117, 376 

71.3 

2, 028. 1 

1,956.8 

-  2.4 

1,  954. 4 

533.0 

Total, 4  days.. 

459,  400 

273. 1 

7  674.  7 

7  401.  6 

—    .  3 

7  401. 3 

2,  018. 5 



Experiment  No.  U5. 

6-7  

7  a.  m.  to  9  a.  m  

9, 328 

.603 

5.6 

105. 3 

99.  7 

+70. 4 

170. 1 

46.4 

9  a.  m.  to  11  a.  m  ... 

9, 328 

.603 

5.6 

241.6 

236.0 

+29.8 

265.8 

72.5 

11  a.  m.  to  1  p.  m  ... 

10,105 

.603 

6.1 

272.7 

266.6 

-23.6 

243.0 

66.3 

Total,  6  hours. 

28, 761 

17.3 

619.  6 

602.  3 

+76.  6 

678.  9 

185.2 

1  p.  m.  to  3  p.  m  

9,  328 

.664 

6.2 

178.  7 

172.  5 

+14.  5 

187. 0 

51.0 

3  p.  m.  to  5  p.  m  

9, 328 

.664 

6.2 

251.1 

244.9 

+  7.0 

251.9 

68.7 

5  p.  m.  to  7  p.  m  

10, 105 

.664 

6.7 

248.4 

241.7 

-36.5 

205.2 

56.0 

Total,  6  hours. 

28, 761 

19.1 

A7fi  9 
O/O.  Z 

659  1 

 15  0 

644  1 

175.7 

7  p.  m.  to  9  p.  m  

9,  328 

.  616 

5.8 

130.  6 

124. 8 

—37.8 

87. 0 

23.7 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.616 

6.2 

98.4 

92.2 

-  8.5 

83.7 

22.8 

11  p.  m.tola.m... 

9,328 

.616 

5.8 

71.5 

65.7 

-11. 1 

54.6 

14.9 

Total,  6  hours. 

28,  761 

17.8 

300.5 

282.7 

-57.4 

225.6 

61.4 

1  a.  m.  to  3  a.  m  

10, 105 

.568 

5.7 

62.1 

56.4 

+  .2 

56.6 

15^4 

3  a.  m.  to  5  a.  m  

10, 105 

.568 

5.7 

62.6 

56.9 

-  2.5 

54.4 

14.8 

5  a.  m.  to  7  a.  m  

10, 105 

.568 

5.7 

57.4 

51.7 

-  1.1 

50.6 

13.8 

Total,  6  hours. 

30,  315 

17.1 

182.1 

165.0 

-  3.4 

161.6 

44.0 

Total,  1  day  . . 

116, 598 

71.3 

1,  780. 4 

1,  709. 1 

+  .8 

1,709.9 

466.3 

6000— No.  136—03- 


17 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 
(num- 
ber of 
liters  of 
air). 

Carbon  dioxid. 

(h) 

Total 
weight 
of  car- 
bon ex- 
haled, 
3  X  r\. 

In  coming 
air. 

(d) 

(e) 

Total 
excess 
in  out- 
going 
air, 
d-c. 

(/) 
Correc- 
tion for 
amount 

re- 

ingin 
ber. 

(9) 
Cor- 
rected 
amount 
ex- 

by 

sin  ni  pf*t 

e+f. 

Date. 

Period. 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

1901. 

Experiment  No.  U6. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

May  3-4  

7  a.  m.  to  9  a.  m  

9, 328 
9,328 

0. 558 

5. 2 

108.0 

102. 8 

+70.2 
+38.0 

173.0 

47.2 

9  a.  m.  to  11  a.  m  

.  558 

5. 2 

262. 1 

256.9 

294. 9 

80.4 

11  a.  m.  to  1  p.  rn  

8, 551 

.  558 

4.8 

259  4 

254. 6 

— 32. 8 

221  8 

60. 5 

Total,  6  hours. 

27, 207 

15.2 

629. 5 

614.3 

+75.4 

689.7 

188.1 

1  p.  m.  to  3  p.  m  

9, 328 

.  582 

6. 4 

192.  5 

186.1 

+10.3 

196.4 

53. 6 

3  p.  m.  to  5  p.  m  .... 

8,551 

.  582 

5. 8 

234. 4 

228.6 

+23.0 

251.  6 

68.6 

5  p.  m.  to  7  p.  m  

9, 328 

.582 

6.4 

282.  3 

275.  9 

—  30.  8 

245  1 

66.8 

Total,  6  hours. 

27, 207 

18.  6 

709.  2 

690.  6 

+  2.5 

693.1 

189.0 

7  p.  m.  to  9  p.  in  

9, 328 

.628 

5.9 

150.  6 

144.7 

-54.8 

89.9 

24.5 

9  p.  m.  to  11  p.  m  

9,328 

.  628 

5.  9 

96. 3 

90.4 

—12. 2 

78. 2 

21.3 

11  p.  m.  to  1  a.  rn  ... 

10, 105 

.628 

6.3 

83.1 

76.8 

-11.1 

65.7 

17.9 

Total,  6  hours. 

28,  761 

18.1 

330.0 

311.9 

-78.1 

233.8 

63.7 

1  a.  m.  to  3  a.  m  

9, 328 

.672 

6.3 

63.3 

57.0 

-  .2 

56.8 

15.5 

3  a.  m.  to  5  a.  m  

9,328 

.672 

6.3 

60. 9 

54.6 

—  2.  9 

51.  7 

14.1 

5  a.  m.  to  7  a.  m  

9,328 

.672 

6.3 

58.0 

51.7 

—  .2 

51.5 

14.0 

Total,  6  hours. 

27, 984 

18.9 

182  2 

163.  3 

—  3.  3 

160  0 

43.6 

Total,  1  day  . . 

111,159 

70.  8 

1,850.9 

1,780.1 

-  3.5 

1,  776.  6 

484.4 

4-5  

7  a.  m.  to  9  a.  m  

9, 328 

.  634 

5. 9 

104.6 

98.7 
218.4 

+70.5 
+30.4 

169.2 

46. 1 

9  a.  m.  to  11  a.  m  

8,551 

.  634 

5. 4 

223. 8 

248. 8 

67.9 

11  a.  m.  to  1p.m... 

9,328 

.  634 

5.  9 

259  0 

253. 1 

— 25.  7 

227  4 

62.0 

Total,  6  hours. 

27, 207 

17.  2 

587.4 

570.2 

+  75.2 

645.4 

176.0 

1  p.  m.  to  3  p.  m  

8, 551 

.771 

6.6 

167.  8 

161.2 

+14.7 

175.9 

48. 0 

3  p  m  to  5  p  m 

9  328 

.771 

7.2 

253.  7 

246.  5 

+11.7 

258.2 

70. 4 

5  p.  m.  to  7  p.  m  

8,  551 

.  771 

6.  6 

233. 4 

226.8 

-34.1 

192.7 

52.6 

Total  6  hours. 

26, 430 

20.4 

654.9 

634.5 

-  7.7 

626. 8 

171. 0 

7  p.  m.  to  9  p.  m  

9,  328 

.769 

7.2 

145.2 

138.0 

-42.2 

95.8 

26.1 

9  p.  m.  to  11  p.  ni . . . 

9, 328 

.769 

7.2 

97.8 

90.6 

-  9.4 

81.2 

22. 1 

11  p.  m.  to  1  a.  m  

9,328 

.  769 

7.  2 

80.  6 

73.  4 

—10.8 

62.  6 

17.1 

Total,  6  hours. 

27, 984 

21.  6 

323.6 

302.0 

-62. 4 

239.6 

65.3 

1  a.  m.  to  3  a.  m  

9,328 

.715 

6.7 

65.3 

58.6 

-  3.6 

55.0 

15.0 

3  a.  m.  to  5  a.  m 

9  328 

.  715 

6. 7 

59.6 

52.9 

-  0.6 

52.3 

14. 3 

5  a.  m.  to  7  a.  m  

9,328 

.  715 

6.7 

59.  0 

52.  3 

—  1.3 

51. 0' 

13.9 

Total,  6  hours. 

27, 984 

20.1 

183.9 

163.8 

—  5.5 

158.3 

43.2 

Total,  1  day 

ioq  fin's 

79.  3 

1,749.8 

1,670.5 

-  .4 

1, 670. 1 

455. 5 

5-6  

7  a.  m.  to  9  a.  m  

9,328 
9, 328 

.626 

5.8 

102.5 
234. 0 

96.7 

+  68.1 
+28.0 

164.8 

44.9 

9  a.  m.  to  11  a.  m  . . . 

.626 

5.8 

228.2 

256. 2 

69. 9 

11  a.  m.  to  1  p.  m... 

8,551 

.626 

5.4 

233.5 

228.1 

-21.0 

207.1 

56.5 

Total,  6  hours. 

27, 207 

17.0 

570.0 

553.0 

+75.1 

628.1 

171.3 

1  p.  m.  to  3  p.  m  

9, 328 

.883 

8.2 

183.8 

•  175.6 

+13.7 

189.3 

51.6 

3  p.  m.  to  5  p.  m  

8,551 

.883 

7.6 

231.2 

223.6 

+17.4 

241.0 

65.7 

5  p.  m.  to  7  p.  m  

9,328 

.883 

8.2 

255.9 

247.7 

-34.5 

213.2 

58.1 

Total,  6  hours. 

27,207 

24.0 

670.9 

646.9 

-  3.4 

643.5 

175.4 

259 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 
(num- 
ber of 
liters  of 
air). 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(«) 
Total 

C/) 

Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 

Cor- 
rected 

Date. 

Period. 

(b) 

Per 
liter. 

(c) 

Total, 
a  xb. 

In  out 
going 
air. 

in  out- 
going 

air, 
d-c. 

amount 
ex- 
haled 

by 
subject. 
e+f. 

of  car- 
Idott  gx~ 
haled, 

1901. 

Experiment  No.  U6 — 
Continued. 

M^izers. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

f4  rn  m  c 

IX/  Lw/to. 

May  5-6  

/  J).  TIT,  to  J  p.  HI  -  -  -  - 

9, 328 

0.638 

6.0 

142.1 

136.1 

-46. 2 

89.9 

24. 5 

9  p.  m.  to  11  p.  m... 

9,328 

.638 

6.0 

94.8 

88.8 

—  8.3 

80. 5 

22.0 

11  p.  m.  tola.  m... 

9,328 

.638 

6.0 

79.3 

73.3 

-12.2 

61.1 

16.7 

Total,  6  hours. 

27,  981 

18.0 

316.2 

298.2 

-66.7 

231.5 

63.2 

1  a.  m.  to  3  a.  m  

9,328 

.638 

6.0 

64. 1 

58. 1 

—  3.2 

54.  9 

15.0 

3  a.  rn.  to  5  a.  m  

9,328 

.638 

6.0 

60. 5 

54.5 

—  1.2 

53.3 

14.5 

5  a.  m.  to  7  a.  m  

9,328 

.638 

6.0 

56.  7 

50.7 

-  2.3 

48.4 

13.2 

Total,  6  hours. 

27, 981 

18.0 

181.3 

163.3 

-  6.7 

156.6 

42.7 

Total,  1  day  . . 

110,382 

77.0 

1, 738. 4 

1, 661. 4 

—  1.  7 

1, 659.  7 

452.6 

6-7  

/  a.  tii  .  to  9  a.  tt)  .... 

9, 328 

.  681 

6. 4 

101.4 

95.0 

+67.3 

162.3 

44. 3 

9  a.  m.  to  11  a.  m... 

8,551 

.  681 

5. 8 

212. 8 

207.  0 

+27.4 

234. 4 

63.9 

11  a.  m.  to  1  p.  m  . . . 

9, 328 

.681 

6.4 

253.4 

247.0 

-20.3 

226.7 

61.8 

Total,  6  hours. 

27, 207 

18.6 

567.6 

549.  0 

+74.4 

623. 4 

170.0 

1  p  Tn  t  o  3  p  HT 

9  328 

7  4 

178.0 

170.6 

+14.8 

185.4 

50.  6 

3  p.  m.  to  5  p.  m  

8, 551 

.  toy 

p.  i 

233. 1 

226. 4 

+16.  3 

242.  7 

66.2 

5  p.  m.  to  7  p.  m  

8, 551 

.789 

6.7 

231.3 

224.6 

-35.4 

189.2 

51. 6 

Total,  6  hours. 

26, 430 

20.8 

642. 4 

621.6 

—  4.3 

617.3 

168.4 

4    jJ,  111 .   LVJ   U  jJ,  111  .  .  .  . 

9  328 

.644 

6.0 

145.9 

139.9 

-40.4 

99.5 

27. 1 

9  p.  m.  to  11  p.  m... 

9,328 

.  644 

6.0 

103.  9 

97. 9 

—  8. 8 

89. 1 

24.3 

11  p.  m.  tola.  m... 

9,328 

.644 

6.0 

80.9 

74.9 

-13.9 

61.0 

16.6 

Total,  6  hours. 

27, 984 

18.  0 

330.7 

312.7 

-63.1 

249.6 

68.0 

1  a.  m.  to  3  a.  m  

9,328 

.610 

5.7 

61.4 

55.7 

-  5.2 

50.5 

13.8 

3  a.  m.  to  5  a.  m  

9,328 

.610 

5.7 

57.8 

52.1 

+  .2 

52.3 

14.3 

5  a.  m.  to  7  a.  m  

9,328 

.610 

5.  7 

58.1 

52.4 

-  .5 

51.9 

14.2 

Total,  6  hours. 

27, 984 

17.1 

177.3 

160.2 

-  5.5 

154.7 

42.3 

Total,  1  day... 

109,  605 

74. 5 

1,718.0 

1,643.5 

+  1.5 

1,  645.  0 

448.7 

Total,  4  days.. 

440,  751 

301.6 

7, 057. 1 

6, 755.  5 

—  4.1 

6, 751. 4 

1, 841. 2 



Experiment  No.  U7. 

7-8  

7  a.  m.  to  9  a.  m  

9  328 

99.0 

92.3 

+73.2 

165.5 

45. 2 

p.  i 

0.  1 

9  a.  m.  to  11  a.  m  ... 

9,328 

71  1 

6.  7 

258.  3 

251.  6 

+52. 1 

303.  7 

82.8 

11  a.  m.  to  1  p.  m  ... 

8,  551 

.714 

6.1 

269.7 

263.6 

-37.6 

226.0 

61.6 

Total,  6  hours. 

27,207 

19.5 

627.0 

607.5 

+87.7 

695. 2 

189.6 

1  p.  m.  to  3  p.  m  

9  328 

.883 

8.2 

198.7 

190.5 

+13.8 

204.3 

55. 7 

3  p.  m.  to  5  p.  m  

9,328 

.883 

8.2 

279.1 

270.9 

+20.1 

291.0 

79.4 

5  p.  m.  to  7  p.  m  

8, 551 

.883 

7.6 

257.5 

249.9 

-39.8 

210.1 

57.3 

Total.  6  hours. 

27,  207 

24.0 

735. 3 

711.3 

-  5.9 

705.4 

192.4 

7  p.  m.  to  9  p.  m  

9,  328 

.700 

6.5 

154.2 

147.7 

-53.3 

94.4 

25.7 

9  p.  m.  to  11  p.  m... 

9, 328 

.700 

6.5 

107.5 

101.0 

-  5.2 

95.8 

26.1 

11  p.  m  to  1  a.  m  

8,551 

.700 

6.0 

80.7 

74.7 

-13.5 

61.2 

16.7 

Total,  6  hours. 

27, 207 

19.0 

342.4 

323.4 

—72.0 

251.4 

68.5 

260 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


Co) 

Venti- 
lation 
(num- 
ber of 
liters  of 
air). 

Carbon  dioxid. 

(70 

Total 
weight 
of  car- 
bon ex- 
haled, 
0  X  t3i- 

In  incoming 
air. 

(d) 

(e) 

Total 
excess 
in  out- 
going 

d  —  c. 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing m 
cham- 

(0) 
Cor- 
rected 
amount 
ex- 
haled 

subject, 

P  4-  f 

Period. 

'(&) 

Per 
liter 

(c) 

Total, 
o  x  b. 

In  out- 
going 
air. 

Experiment  No.  U7 — 
Continued. 

_ 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

1  a.  m.  to  3  a.  m  

9, 328 

0.  628 

5. 8 

64.9 

59.1 

-  7.5 

51.6 

14.1 

3  a.  m.  to  5  a.  m  

9, 328 

.  628 

5.8 

60. 1 

54. 3 

—    .  8 

53. 5 

14.6 

5  a.  m.  to  7  a.  m  

9, 328 

.628 

5.8 

60.4 

54.6 

+  -5 

55.1 

15.0 

Total,  6  hours. 

27, 984 

17. 4 

185  4 

168  0 

  7  8 

160  2 

43.7 

Total,  lday... 

109,  605 

79. 9 

1, 890. 1 

1,810.2 

+  2.0 

1,812.2 

494.2 

7  a.  m.  to  9  a.  m  

8, 551 

.738 

6.  3 

99.5 

93.2 

+  74.8 

168.0 

45.  8 

9  a  m  to  11  a.  m 

9, 528 

.  738 

6.  9 

270. 2 

263. 3 

+40. 7 

304. 0 

82. 9 

11  a.  m.  to  1  p.  m... 

8,551 

.  738 

6. 3 

271.  9 

265. 6 

 29. 5 

r>36  4 

64.4 

Total,  6  hours. 

26, 430 

19.  5 

641.6 

622. 1 

+86. 0 

708.1 

193. 1 

1  p.  m.  to  3  p.  m  

9, 328 

.836 

7. 8 

205. 1 

197.3 

+  13.2 

210.5 

57. 4 

3  p.  m.  to  5  p.  in .... 

8, 551 

.836 

7.1 

261.  9 

254. 8 

+17. 6 

272. 4 

74. 3 

5  p.  m.  to  7  p.  m  

9,  328 

.  836 

7. 8 

280.  2 

272. 4 

—38. 5 

233. 9 

63.8 

Total,  6  hours. 

27,  207 

22.7 

747.2 

724.5 

-7.7 

716. 8 

195.5 

7  p.  m.  to  9  p.  m  

8, 551 

.  705 

6. 0 

142.8 

136.8 

-49.2 

87.6 

23.  9 

9  p.  m.  to  11  p.  m ... 

9,328 

.705 

6.6 

108  2 

101  6 



92  3 

25. 2 

11  p.  m.  to  1  a.  m... 

9, 328 

.705 

6.6 

85.3 

78.7 

-15. 9 

62.8 

17.1 

Total,  6  hours. 

27, 207 



19. 2 

336  3 

317  1 

.  74  4 

24'-*  7 

66. 2 

1  a.  m.  to  3  a.  m  

9,328 

.  671 

6. 2 

61.0 

54.8 

-  5.4 

49.4 

13.5 

3  a.  m.  to  5  a.  m  

9, 328 

.671 

6.2 

57. 7 

51. 5 

51.  3 

14.0 

5  a.  m.  to  7  a.  m  

10, 105 

.671 

6.8 

64.4 

57.6 

+  .8 

58.4 

15.9 

Total,  6  hours. 

28,  701 

19. 2 

183  1 

163  9 

  4  g 

159  1 

43.4 

Total,  lday... 

109, 605 

80. 6 

1,908.2 

1,827.6 

-  .9 

1,826.7 

498.2 



7  a.  m.  to  9.  a.  m  

8, 551 

.853 

7. 3 

101.9 

94.  6 

+85. 8 

180.4 

49. 2 

9  a.  m.  to  11  a.  m  . . . 

9,328 

.853 

8.0 

284.  3 

2/6.  3 

+34,5 

310. 8 

84. 8 

11  a.  m.  to  1  p.  m  ... 

9,328 

.853 

8. 0 

293  7 

285  7 

 34  y 

251  0 

68.4 

Total,  6  hours. 

27, 207 

23. 3 

679.9 

656. 6 

+85.6 

742.2 

202.4 

1  p.  m.  to  3  p.  m  

8, 551 

1.063 

9.1 

178.9 

169.8 

+  9.5 

179.3 

48. 9 

3  p.  m.  to  5  p.  m .  _  _ . 

9,  328 

1.063 

9.9 

277.8 

267. 9 

+18.  5 

286. 4 

78. 1 

5  p.  m.  to  7  p.  m  

9, 328 

1. 063 

9. 9 

270  8 

260. 9 

— 41. 4 

''19  5 

59.9 

Total,  6  hours. 

27, 207 

28.9 

727. 5 

698.6 

-13.4 

685. 2 

186.9 

7  p.  m.  to  9  p.  m  

8, 551 

.994 

8.5 

141.3 

132.8 

-37.8 

95.0 

25.9 

9  p.  Tn ,  to  11  p.  m 

9  328 

.994 

9.3 

114. 6 

105. 3 

— 10. 7 

94. 6 

25. 8' 

11  p.  m.  to  1  a.  m  ... 

9,328 

.994 

9.3 

88.9 

79.6 

-18.6 

61.0 

16.6 

Total,  6  hours. 

27, 207 

27.1 

344.8 

317.  7 

-67.1 

250.6 

68.3 

1  a.  m.  to  3  a.  m  

9,328 

.804 

7.5 

65.1 

57.6 

-  2.3 

55.3 

15.1 

3  a.  m.  to  5  a.  m  

10, 105 

.804 

8.1 

64.4 

56.3 

-  5.7 

50.6 

13.8 

5  a.  m.  to  7  a.  m  

9,328 

.804 

7.5 

60.4 

52.9 

+  2.3 

55.2 

15.1 

Total,  6  hours. 

28,  761 

23.1 

189.9 

166.8 

-  5.7 

161.1 

44.0 

Total,  1  day. . . 

110, 382 

102.4 

1,942.1 

1, 839.  7 

-  .6 

1,839.1 

501.6 

261 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
Avoi^tit 

In  incoming 
air. 

id) 

(e) 
Total 

if)  (9) 
Correc-  Cor- 
tion  for  rected 
amount  amount 

re-    j  ex- 
main-  i  haled 
ing  in  1  by 
cham-  subject, 
ber.  e+f. 

Date. 

Period. 

(num- 
ber of 
iters  of 
air). 

(&) 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 
d-c. 

of  car- 
bon ex- 
haled, 

9  X  A. 

1901. 

Experiment  2\o.  hi — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

May  10-11  

7  a.  m.  to  9  a.  m  . . . . 

9  328 

0. 815 

7.6 

115.2 

107.6 

+85.6 

193.2 

52. 7 

9  a.  in .  to  11  ii.  m  ... 

9  328 

.  815 

7. 6 

281.1 

273.5 

+32.0 

305.5 

83. 3 

11  a.  m.  to  1  p.  m  ... 

8, 551 

.  815 

7. 0 

277. 0 

-29.3 

240.7 

65.6 

Total,  6  hours. 

27,207 

22.2 

673.3 

651.1 

+88.3 

739.4 

201.6 

1  p.  hi.  to  3  p.  in  .... 

9  328 

.894 

8.  3 

197.6 

189.3 

+  6.2 

195. 5 

53. 3 

3  p.  in .  to  5  p.  in  .  -  -  - 

8  551 

.  894 

7  fi 

266.6 

259.0 

+31  0 

°90  0 

79. 1 

5  p.  m.  to  7  p.  m  

9,328 

.  894 

8. 3 

298. 9 

290.  6 

-44.8 

245.8 

67.0 

Total,  6  hours. 

27, 207 

24.2 

763.1 

738.9 

-  7.6 

731.3 

199.4 

7  p.  m.  to  9  p.  in  .... 

9  3'^8 

1.089 

10. 2 

162.6 

152.  4 

-49.1 

103.3 

28. 2 

9  p.  in .  to  11  p.  1 1 1 

9  328 

1.089 

10.2 

115. 5 

105.3 

-  6.8 

98.5 

26. 9 

11  p.  m.  to  1  a.  m  ... 

9, 328 

1.089 

10.2 

96. 6 

86. 4 

let; 

67  9 

18.5 

Total,  6  hours. 

27.  984 

30.6 

374. 7 

344  1 

TA  A 

269  7 

73.6 

1  a.  m.  to  3  a.  m  

9,  328 

.  892 

8.  3 

64. 9 

56  6 

-  5.5 

51.1 

13.9 

3  a.  m.  to  5  a.  m  

9,328 

.  892 

8. 3 

62.4 

54.1 

—  5.9 

48.2 

13.2 

5  a.  m.  to  7  a.  m  

10, 105 

.892 

9.0 

66.4 

57.4 

_!_   R  A 

63  8 

17.4 

Total,  6  hours. 

28, 761 

25.6 

193.7 

168.1 

—  0.  u 

163  1 

44.5 

Total,  1  day... 

111  159 

102.  6 

2, 004. 8 

1, 902. 2 

+  1.3 

1,903.5 

519. 1 

Total,  4  days.. 

440, 751 

365. 5 

7,  745. 2 

7, 379.  7 

+  1.8 

7, 381.  5 

2, 013. 1 

Experiment  No.  U8. 

11-12  

7  a.  m.  to  9  a.  m  

8  551 

.708 

6.1 

101.7 

95.6 

+69.9 

165.5 

45  1 

j  9  a.  m.  to  11  a.  m  ... 

8  551 

.  /Uo 

6. 1 

281.1 

275.0 

+38.6 

313.6 

85. 5 

11  a.  m.  to  1  p.  m  ... 

9,  328 

.  708 

6.  6 

9g2  5 

9~q  9 

-34.8 

241.1 

65.7 

Total,  6  hours. 

26, 430 

18.8 

665,3 

646.5 

+73.7 

720. 2 

196.3 



1p.  m.  to  3  p.  m  

8  551 

.855 

7.3 

171.0 

163.7 

+  9.3 

173.0 

47  9 
47.2 

3  p.  m.  to  5  p.  m  

8  551 

.  855 

7. 3 

240.3 

233.0 

+18. 2 

251 . 2 

68  5 

5  p.  m.  to  7  p.  m  

9,328 

.  855 

8. 0 

256  5 

248  5 

-37.0 

211. 5 

57.  7 

Total,  6  hours. 

26,430 

22.6 

667.8 

645.2 

-  9.5 

635.  7 

173.4 

7  p.  m.  to  9  p.  m  

9  3^8 

.734 

6.9 

141.  2 

134.3 

-39.4 

94.9 

25  9 

9  p.  m.  to  11  p.  m  . . . 

9  398 

.734 

6.9 

98.5 

91.7 

-  9.  3 

82.4 

22  5 

11  p.  m.  to  I  a.  m  ... 

9,328 

.  734 

6. 9 

82. 2 

75  3 

-11.3 

64.0 

17.5 

Total,  6hours. 

27,984 

20.7 

OU1.  O 

-60.0 

241.3 

65.9 



1  a.  m.  to  3  a.  m  

9,328 

.648 

6.0 

65.4 

59.4 

-  3.4 

56.0 

15.3 

3  a.  m.  to  5  a.  m  

10. 105 

.648 

6.5 

62.9 

56.4 

_  .2 

56.2 

15. 3 

5  a.  m.  to  7  a.  m  

9  328 

.  648 

6. 0 

56.1 

50.1 

-  1.6 

48.5 

13  2 

Total,  6  hours. 

28,  761 

18.5 

184.4 

165. 9 

-  5.2 

160.7 

43.8 

Total,  1  day... 

109,  605 

80.6 

1,839.5 

1, 758.  9 

-  1.0 

1,  757.  9 

479.4 

1902. 

Experiment  No.  IS. 

Mar.  27-28  

7  a.  m.  to  9  a.  m  

9,328 

.550 

5.1 

125. 9 

120.8 

+76.5 

197.3 

53.8 

9  a.  m.  to  11  a.  m  ... 

9,328 

.550 

5.1 

242.2 

237.1 

+22.6 

259.  7 

70.8 

11  a.  m.  to  1  p. m ... 

9,328 

.550 

5.1 

251.8 

246.7 

-18.9 

227.8 

62.1 

Total,  6  hours. 

27, 984 

15.3 

619.9 

604.6 

+80.2 

684.8 

|     186. 7 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(«) 
Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 
ex- 
haled 

by 
subject, 
e+f. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air). 

(b) 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

in  out- 
going 

d  -  c. 

of  car- 
bon ex- 
haled, 

9X&- 

1902. 

Experiment  No.  h9 — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Mar.  27-28  

1  p.  m.  to  3  p.  m  

9, 328 

0. 521 

4.9 

197.8 

192.9 

+  27.7 

220. 6 

60.2 

3  p.  m.  to  5  p.  m  

9,328 

.521 

4.9 

289.7 

284. 8 

+  31.1 

315. 9 

86.2 

5  p.  m.  to  7  p.  m   

9, 328 

.521 

4.9 

316.  6 

311.  8 

—  48.2 

263.6 

71. 9 

Total,  6  hours. 

27  984 

14.7 

804.1 

789.5 

+  10.6 

800.1 

218  3 

7  p.  m.  to  9  p.  m  

10, 883 

.542 

5.9 

190.0 

184.1 

—  58. 8 

125.  3 

34.2 

9  p.  m.  to  11  p.  m ... 

10, 105 

.  542 

5. 5 

119.4 

113.9 

-7.2 

106.  7 

29.1 

11  p.  m.  to  1  a.  m . . . 

9,  328 

.542 

5.1 

89. 5 

84.  5 

—  16.  3 

68. 2 

18. 6 

Total,  G  hours. 

30,  316 

16.5 

398. 9 

382. 5 

—  82.3 

300. 2 

81. 9 

1  a.  m.  to  3  a.  m 

9  328 

.540 

5.0 

65.4 

60.3 

-  6.4 

53.9 

14. 7 

3  a.  m.  to  5  a.  m  

9,  328 

.  540 

5. 0 

62.1 

57.0 

+  1.7 

58.7 

16.0 

5  a.  m.  to  7  a.  m  

9, 328 

.540 

5.0 

62.  8 

57. 8 

57.  8 

15.7 

Total  6  hours. 

27  984 

15.0 

190. 3 

175. 1 

—    4. 7 

170.4 

46  4 

Total,  1  day 

114, 268 

61.5 

2,013.2 

1,951.7 

+  3.8 

1,955.5 

533  3 

28-29  

7  a.  m.  to  9  a.  m  

9, 328 

.584 

5.4 

114.6 

109. 2 

+  68.1 

177.3 

48.3 

9  a.  m.  to  11  a.  m  ... 

9,328 

.584 

5.4 

244.5 

239. 1 

+  37.6 

276.7 

75.5 

11a.  m.  to  1  p.  m 

9  328 

.584 

5.4 

259. 8 

254. 3 

+    6. 7 

261. 0 

71. 2 

Total,  6  hours. 

27, 984 

16.2 

618.9 

602.  6 

+112. 4 

715.0 

195. 0 

1  p.  m.  to  3  p.  m  

9,  328 

.589 

5.5 

186.3 

180.8 

-  19.9 

160.9 

43.9 

3  p.  m.  to  5  p.  m  

9, 328 

.589 

5.5 

271.7 

266. 3 

+  23.8 

290.1 

79.1 

5  p.  m.  to  7  p.  m 

9,  328 

.589 

5.5 

260.  9 

255. 4 

—  50. 5 

204.  9 

55. 9 

Total,  6  hours. 

27, 984 

16.5 

718.9 

702.  5 

-  46.6 

655.9 

178. 9 

7  p.  m.  to  9  p.  rn  

10, 105 

.542 

5.5 

169. 2 

163.7 

-  35.7 

128.0 

34.9 

9  p.  m.  to  11  p.  m  ... 

10, 105 

.  542 

5. 5 

112. 5 

107.0 

-  14.6 

92.4 

25.2 

11  p.  m.  to  1  a.  m  

9,328 

.  542 

5. 1 

83. 8 

78.  7 

—  11. 1 

67.  6 

18. 4 

Total  6  hours. 

29  538 



16.1 

365. 5 

349. 4 

—  01.  4 

288. 0 

78. 5 

1  a.  m.  to  3  a.  m  

9, 328 

.577 

5.4 

67.4 

62.0 

-  6.4 

55.6 

15.2 

3  a.  m.  to  5  a.  m  

9,328 

577 

5  4 

60.5 

55.1 

-  1.0 

54.1 

14.7 

5  a.  m.  to  7  a.  m  

9,328 

.577 

5.  4 

61.  4 

56. 0 

+    2. 3 

58.3 

15.9 

Total,  6  hours. 

27  984 

16.2 

189. 3 

1/3. 1 

—    5. 1 

168. 0 

45. 8 

Total,  1  day 

113, 490 

65.0 

1, 892.  6 

1,827.6 

-  .7 

1,826.9 

498. 2 

29-30  

7  a.  m.  to  9  a.  m  

9, 328 

.516 

5.2 

113.  5 

108.4 

+  81.8 

190.2 

51.9 

9  a.  m.  to  11  a.  m... 

8, 551 

.516 

4.7 

219.7 

214.9 

+  14.2 

229.1 

62.  5 

11  a.  m.  to  1  p.  m 

9,  328 

.516 

5.2 

zou.  o 

245  6 

—  16.  9 

zzo.  / 

62. 4 

Total,  6  hours. 

27, 207 

15.1 

584.0 

568.9 

+  79.1 

648.0 

176.8 

1  p.  m.  to  3  p.  m  

8, 551 

.  529 

4.5 

178.3 

173.8 

+  9.4 

183.2 

50.0 

3  p.  m.  to  5  p.  m  

8,  551 

.529 

4.5 

248.7 

244.2 

+  34.6 

278.  8 

76.0 

5  p.  m.  to  7  p.  m  

8,551 

.529 

4.5 

269.9 

265.3 

-  38.0 

227.3 

62.0 

Total,  6  hours. 

25,  653 

13.5 

696.9 

683.3 

+  6.0 

689.3 

188.0 

1 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(e) 
Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(g) 
Cor- 
rected 
amount 
ex- 
haled 
by 
subject, 

P  4-  f 

e  -TJ. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air) . 

(6) 

Per 
liter. 

(c) 

Total, 
a  x  6. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 
d-c. 

of  car- 
bon ex- 
haled, 
9  X  T\. 

1902. 

Experiment  No.  A9 — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

G  rams. 

Grams. 

Mar.  29-30  

7  p.  m.  to  9  p.  ni  

8, 551 

0. 506 

4.3 

170.  9 

166. 6 

— 45.  6 

J.Z1.  u 

33.0 

9  p.  m.  to  11  p.  m .. . 

10, 105 

.  506 

5.1 

126.8 

121.6 

-19.4 

102.2 

27.9 

11  p.  m.  to  1  a.  m  ... 

10, 105 

.506 

5.1 

95.8 

90.7 

-15.4 

75.3 

20.5 

Total,  6  hours. 

28,  761 



14.5 

393.5 

378.9 

-80.4 

298.5 

81.4 

1  a.  m.  to  3  a.  m  

9,  328 

.  544 

5. 1 

69.1 

64.1 

-  3.5 

60.6 

16.5 

3  a.  m.  to  5  a.  m  

10, 105 

.  544 

5.  5 

68.2 

62.7 

-  1.7 

61.0 

16.6 

5  R.  TIT.,  to  /  <l.  1X1  .  _ .  - 

9  328 

.544 

5.1 

63.8 

58.8 

+  1.7 

60.5 

16. 5 

Total,  6  hours. 

28,  761 

15.7 

201  1 

185  6 

—  o.  o 

18°  1 

49.6 

Total,  1  day... 

110,  382 



58. 8 

1, 875.  5 

1, 816. 7 

+  1.2 

1, 817.  9 

495.8 

JL  OLcll,  o  UcL3  S-  - 

QQS  1  Aft 

 :- 

185.3 

5,  781.  3 

5, 596. 0 

+  4.3 

5,  600.  3 

1  5^7  3 

Experiment  No.  50. 

30-31 

7  a.  m.  to  9  a.  m  

10, 105 

.548 

5.5 

115  0 

109  4 

+58  5 

167  9 

45.8 

9  a.  m.  to  11  a.  m  . . . 

S,  551 

.548 

4.7 

221.6 

216.9 

+30.6 

247.5 

67.5 

11  a.  m.  to  1  p.  m  ... 

9, 328 

.548 

5.1 

255.0 

249.9 

-  .5 

'  249.  4 

68.0 

Total,  G  hours. 

27,  984 

15.3 

591.6 

576.2 

+88.6 

664.8 

181.3 



1  p.  m.  to  3  p.  m  

9,  328 

.552 

5TT 

175  8 

170  7 

.  24  3 

146  3 

39.9 

3  p.  m.  to  5  p.  m  

9,328 

.552 

5.1 

158.4 

153.3 

-39.7 

113.6 

36.0 

5  p.  m.  to  7  p.  m  

10, 105 

.552 

5.6 

101.7 

96.2 

-15.5 

80.7 

22.0 

Total,  G  hours. 

28,  761 

15.8 

435.9 

420.2 

-79.5 

340.6 

92.9 

7  p.  m.  to  9  p.  m  

10, 105 

.541 

5.5 

91  5 

86  0 

  5  9 

80  1 

21.8 

9  p.  m.  to  11  p.  m  . . . 

9, 328 

.  541 

5.1 

76.4 

71.3 

+  2.3 

73.6 

20.1 

11  p.  m.  to  1  a.  m ... 

10, 105 

.541 

5.5 

72.5 

67.1 

-  7.5 

59.6 

16.2 

Total,  6  hours. 

29, 538 

16.1 

240.4 

224.4 

-11.1 

213.  3 

58.1 

1  a.  m.  to  3  a.  m  

9, 328 

.  525 

4.  9 

58.3 

53.4 

-  2.8 

50.6 

13.8 

3  a.  m.  to  5  a.  m  

9,328 

.  525 

4.9 

56.2 

51.2 

+  .5 

51.8 

14.1 

5  a.  m.  to  7  a.  m  

9,328 

.  525 

4.9 

58.4 

53.5 

53.5 

14.  6 

Total,  6  hours. 

27, 984 

14.7 

172.  9 

158.1 

-  2.3 

155.9 

42.5 

Total,  1  day... 

114, 267 

61. 9 

1, 440. 8 

1, 378. 9 

-  4.3 

1,  374.  6 

374.8 

Experiment  No.  51. 

31-Apr.  1. 

7  a.  m.  to  9  a.  m  

9, 328 

.527 

4.9 

73. 2 

AO  Q 
Do.  O 

+  4. 6 

72  9 

19.9 

9  a.  m.  to  11  a.  m  ... 

9,328 

.527 

4.9 

65.6 

60.7 

-  .8 

59.9 

16.3 

11  a.  m.  to  1  p.  m  ... 

9,328 

.527 

4.9 

62.7 

57.8 

-  .2 

57.6 

15.7 

Total,  6  hours. 

27, 984 

14.7 

201.  5 

186.8 

+  3.6 

190.4 

51.9 

1  p.  m.  to  3  p.  m  

9, 328 

.541 

5.1 



69. 9 

01.  o 

_i_  o  n 
-\-  Z.\J 

66  8 

18.2 

3  p.  m.  to  5  p.  m  

9, 328 

.541 

5.1 

64.8 

59.8 

-  2.6 

57.2 

15.6 

5  p.  m.  to  7  p.  m  

9,328 

.541 

5.1 

65.2 

60.1 

-  2.0 

58.1 

15.8 

Total,  6  hours. 

27, 984 

15.3 

199.9 

184.7 

-  2.6 

182.1 

49.6 

7  p.  m.  to  9  p.  m  

10, 105 

.540 

5.5 

70.8 

65.4 

+  1..3 

66.7 

18.2 

9  p.  m.  to  11  p.  m  . . . 

9,328 

.540 

5.0 

60.4 

55.3 

+  1.6 

56.9 

15.5 

11  p.  m.  to  1  a.  m  ... 

10, 105 

.540 

5.5 

64.9 

59.4 

-  4.5 

54.9 

15.0 

Total,  6  hours. 

29, 538 

16.0 

196.1 

180.1 

-  1.6 

178.5 

48.7 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(d) 

(e) 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(0) 
Cor- 
rected 
amount 

ex- 
haled 

by 
subject 
e+f  ' 

Date. 

Period. 

(num- 
ber of 
liters  of 
air). 

(6) 
^Per 

(c) 
Total, 

In  out 
going 
air. 

Total 
excess 
in  out- 
going 
air, 
a  —  c. 

of  car- 
bon ex- 

9  X  i3r  • 

1902. 

Experiment  No.  51 — 
Continued. 

Liters. 

Mgs. 

Grains. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Mar.  31- Apr.  1. 

1  a.  m.  to  3  a.  m 

10, 105 

0. 533 

5.4 

57.5 

52.1 

-  3.0 

49.1 

13. 4 

3  a.  m.  to  5  a.  m  

9,328 

.533 

5.0 

53.8 

48.8 

+  2.0 

50.8 

13.9 

5  a.  m.  to  7  a.  m  

9,328 

.533 

5.0 

oo.  y 

51. 0 

+    •  8 

51. 8 

14.1 

Total,  6  hours. 

28, 761 

15.  4 

167. 2 

151.  9 

.  2 

151.  7 

41. 4 

Total,  1  day  .. 

114, 267 

61.4 

764.7 

703. 5 

-  .8 

702. 7 

191. 6 

Apr.  1-2  

7  a.  m.  to  9  a.  m  

9,  328 

.525 

4.9 

68.9 

64.0 

+  8.0 

72.0 

19.  6 

9  a.  m.  to  11  a.  m  

10, 105 

.  525 

5. 3 

72.2 

66.9 

-  2.9 

64.0 

17.4 

11  a.  m.  to  1  p.  m  

9,  328 

.  525 

4.  y 

66  9 

62. 0 

61. 8 

16.  9 

Total,  6  hours. 

28,  761 

15.1 

208.0 

192.9 

+  4.9 

197.8 

53.9 

1  p.  m.  to  3  p.  m  

8, 551 

.520 

4.4 

61.8 

57.3 

+  .3 

57.6 

15. 7 

3  p.  m.  to  5  p.  in  

9,  328 

.  520 

4. 8 

63.7 

58.9 

-  1.9 

57.0 

15. 5 

5  p.  m.  to  7  p.  m  

10, 105 

.  520 

5.  2 

67  2 

61  9 

+  1.3 

63. 2 

17.2 

Total,  6  hours. 

27,  984 

14.  4 

192.  7 

178.1 

-  .3 

177.8 

48.4 

7  p.  m.  to  9  a.  m  

10, 105 

.518 

5.2 

70.6 

65.4 

-  3.6 

61.8 

16. 9 

9  p.  m.  to  11  p.  m  

9, 328 

.518 

4.8 

57.8 

53.0 

+  1.3 

54.3 

14. 8 

11  p.  m.  to  1  a.  m  

10, 105 

.  518 

5.2 

62. 5 

57  3 

  2  8 

54  5 

14.9 

Total,  6  hours. 

29, 538 

15.2 

190.  9 

±10.  1 

—  o.  1 

170.  6 

46.6 

1  a.  m .  to  3  a.  in  ... . 

9, 328 

.534 

5.0 

52.  4 

47  4 

  I  o 

46  4 

12.  7 

3  a.  m.  to  5  a.  m  

9,328 

.  534 

5. 0 

54.5 

49.5 

+  1.3 

50.8 

13.9 

5  a.  m.  to  7  a.  m  

10, 105 

.534 

5.4 

60.  3 

54.  9 

-  .3 

54.6 

14.9 

i  oiai,  o  nours. 

28,  761 

15.4 

167. 2 

151.8 

0.0 

151.  8 

41.  o 

Total,  1  day  . . 

115, 044 

60. 1 

758.8 

698.5 

-  .5 

698.0 

190. 4 

Total,  2 days.. 

229,  311 

121.5 

1,523.5 

1.402.0 

-  1.3 

1,400.7 

382.0 

Experiment  No.  52. 

21-22  

7  a.  m.  to  9  a.  rn  

9, 328 
9,  328 

.675 

6.3 

102.  9 

96.6 

+55.7 

152. 3 

41. 5 

9  a.  m.  to  11  a.  m  . . . 

.  675 

6. 3 

213.4 

207. 1 

+31.  5 

238.6 

65. 1 

11  a.  m.  to  1  p.  m . . . 

9,328 

.  675 

6. 3 

244  2 

237. 9 

—  5. 2 

OQO  1 
Z6Z.  1 

63.5 

Total,  6  hours. 

27,  984 

18.9 

560. 5 

541.6 

+82.0 

623. 6 

170.1 

1  p.  m.  to  3  p.  m  

9,  328 

.620 

5.8 

186.1 

180.3 

+  4.2 

184.5 

50. 3 

3  p.  m.  to  5  p.  m  

9, 328 

.  620 

5. 8 

282.9 

277.1 

+42.4 

319.5 

87. 1 

5  p.  m.  to  7  p.  m  

9,  328 

.620 

5. 8 

297  2 

291  4 

 45  5 

245  9 

67.1 

Total,  6  hours. 

27, 984 



17.4 

766.2 

748.8 

+  1.1 

749.9 

204.5 

7  p.  m.  to  9  p.  m  

10, 105 

.571 

5.8 

157.5 

151.7 

-59.6 

92.1 

25. 1 

9  p.  m.  to  11  p.  m . . . 

10, 105 

.571 

5.8 

100.1 

94.3 

-  8.2 

86.1 

23. 5 

11  p.  m.  to  1  a.  m . . . 

10, 105 

.571 

5.8 

ei  a 
ox. 

75. 6 

11  A 

64  2 

17.5 

Total,  G  hours. 

30, 315 

17.4 

339.  0 

321. 6 

—79.2 

242.4 

66.1 

1  a.  m.  to  3  a.  m  

9, 328 

.575 

5.4 

62.3 

56.9 

-  1.0 

55.9 

15.3 

3  a.  m.  to  5  a.  m  

9,328 

.575 

5.4 

58.8 

53.4 

-  4.2 

49.2 

13.4 

5  a.  m.  to  7  a.  m  

9, 328 

.575 

5.4 

57.5 

52.1 

+  3.6 

55.7 

15.2 

Total,  6  hours. 

27, 984 

16.2 

178.6 

162. 4 

-  1.6 

160.8 

43.9 

Total,  1  day  .. 

114, 267 

69.9 

1,844.3 

1,774.4 

+  2.3 

1, 776. 7 

484.6 

265 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(<*) 

(e) 
Total 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

(9) 
Cor- 
rected 
amount 

haled 

by 
subject, 
e+f. 

Period. 

(num- 
ber of 
liters  of 
air). 

(&) 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

excess 
in  out- 
going 
air, 
d-c. 

of  car- 
bon ex- 
haled, 
9  X  t3t- 

Experiment  No.  52— 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

7  a.  m.  to  9  a.  m  

9,  328 

0.  613 

5.7 

106.2 

100.5 

+ 

23.0 

123.5 

33. 7 

9  a.  m.  to  11  a.  m  . . . 

9, 328 

.  613 

5.  7 

227.7 

222.0 

+ 

68.6 

290.6 

79. 2 

11  a.  m.  to  1  p.  m  

9, 328 

.  613 

5. 7 

251.  3 

245.  6 

/ .  4 

238. 2 

65.0 

Total,  6  hours. 

27,  981 

17.1 

585.2 

568.1 

+ 

84. 2 

652. 3 

177.9 

1  p.  m.  to  3  p.  rn  

8, 551 

.589 

5.0 

174.  5 

169.5 

— 

7.6 

161.9 

44. 2 

3  p.  m.  to  5  p.  m  

9, 328 

.  589 

5. 5 

257.  6 

252. 1 

+ 

29.3 

281.4 

76. 7 

5  p.  m.  to  7  p.  m  

8,551 

.  589 

5.  0 

234. 2 

229.  2 

41. 7 

Lot  .0 

51. 1 

Total,  6  hours. 

26,  430 

15.5 

666.3 

650.8 

OA  A 

Z\j.  0 

630.8 

172.0 

7  p.  m.  to  9  p.  m  

10, 105 

.582 

5.  9 

151.9 

146.0 

45.0 

101.0 

27. 5 

9  p.  m.  to  11  p.  m  

10, 105 

.582 

5.9 

98.3 

92.4 

10.4 

82.0 

22. 4 

11  p.  m.  to  1  a.  m  

9,328 

.582 

5.4 

to.  u 

69.  6 

5.6 

64.  0 

17.5 

Total,  6  hours. 

29,  538 

17. 2 

325. 2 

308.  0 

61.0 

247.  0 

67.4 

1  a.  m.  to  3  a.  m  

10, 105 

.585 

5.9 

68.3 

62.4 

5.5 

56.9 

15.5 

3  a.  m.  to  5  a.  m  

9,328 

.585 

5.5 

58.2 

52.7 

+ 

.3 

53.0 

14.5 

5  a.  m.  to  7  a.  m  

9,328 

.585 

5.5 

56. 7 

51. 2 

+ 

.3 

51. 5 

14.0 

Total,  6  hours. 

28,  761 

16.  9 

183.  2 

166. 3 

4.9 

161. 4 

44.0 

Total,  1  day  .. 

112,  713 

66.7 

1,  759.  9 

1, 693.  2 

1.7 

1,691.5 

461.3 

/  a.  m.  to  9  a.  m  . . . . 

9, 328 

.563 

5.3 

102. 1 

96.8 

+ 

55.9 

152.7 

41. 6 

9  a.  m.  to  11  a.  m  

9,  328 

.  563 

5. 3 

227.6 

222.3 

+ 

35.6 

257.9 

70.  3 

11  a.  m.  to  1  p.  m  

9, 328 

.  563 

5. 3 

ZoZ.  4 

247. 1 

5.2 

241.  9 

66.0 

Total,  6  hours. 

27, 984 

15.9 

582.1 

566. 2 

+ 

86.3 

652.5 

177.  9 

1  p.  m.  to  3  p.  m  

9, 328 

.554 

5.2 

177.7 

172.5 

8.0 

164.5 

44. 9 

3  p.  m.  to  5  p.  m  

8, 551 

.  554 

4.  7 

224.8 

220.1 

+  21.7 

241.8 

65.9 

5  p.  m.  to  7  p.  m  

9,328 

.  554 

5. 2 

260.  9 

255.  7 

32.0 

223.  7 

61.0 

Total,  6  hours. 

27, 207 

15.1 

663.4 

648.3 

18.3 

630.0 

171.8 

7  p.  m.  to  9  p.  m  

10, 105 

.527 

5.3 

153.4 

148.1 

45.8 

102.3 

27. 9 

9  p.  m.  to  11  p.  m  

10, 105 

.  527 

5.3 

98.3 

93.0 

8.5 

84.5 

23. 1 

11  p.  m.  to  1  a.  m  

9, 328 

.  527 

4.9 

79.  9 

75. 0 

7.8 

67. 2 

18.3 

Total,  6  hours. 

29, 538 

15.5 

331.  6 

316. 1 

62.1 

254.  0 

69.3 

1  a.  m.  to  3  a.  m  

9,  328 

.529 

4.9 

o4. 8 

59.  9 

3.6 

56. 3 

15.4 

3  a.  m.  to  5  a.  m  

9,328 

.529 

4.9 

61.6 

56.  7 

4.5 

52.2 

14.2 

5  a.  m.  to  7  a.  m  

10, 105 

.529 

5.3 

60.8 

55.5 

+ 

1.4 

56.9 

15.5 

Total,  6  hours. 

28,  761 

15.1 

187  2 

172  1 

6.7 

165  4 

45.1 

Total,  1  day  . . 

113, 490 

61.6 

1,  764. 3 

1, 702. 7 

.8 

1, 701.  9 

464.1 

Total,  3 days.. 

340, 470 

198. 2 

5  368  t 

5, 170.  3 

.2 

5, 170. 1 

1, 410.  0 

Experiment  No.  53. 

7  a.  m.  to  9  a.  m  

9,328 

.536 

5.0 

107.0 

102.0 

+ 

61.0 

163.0 

44.4 

9  a.  m.  to  11  a.  m . . . 

8, 551 

.536 

4.6 

215.2 

210.6 

+ 

34.2 

244.8 

66.8 

11  a.  m.  to  1  p.  m . . . 

9,328 

.536 

5.0 

273. 8 

268.8 

+ 

5.9 

274.7 

74.9 

Total,  6  hours. 

27, 207 

14.6 

596.0 

581.4 

-t-101.1 

682.  5 

186. 1 

266 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


1 

(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 
of  car- 
bon ex- 
haled, 

In  incoming 
air. 

(d) 

(«) 

Total 
excess 
in  out- 
going 
air, 
d-c. 

(/) 
Correc- 
tion for 
amount 

main- 
ing  in 
cham- 
ber. 

1  (9) 

\  Cor- 
rected 

amount 

ex- 
haled 
by 

subject 
e  _i_  f 
e  +J. 

Date. 

Period. 

(num- 
ber of 
liters  o: 
air). 

(W 

Per 
liter. 

(c) 

Total, 
a  x  b. 

In  out- 
going 
air. 

1902. 

Exper  iment  No.  53 — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Gravis. 

Grains. 

Apr  24-^5 

1  p.  m.  to  3  p.  m  

8, 551 

0. 539 

4.6 

180. 1 

175. 5 

-  13.6 

161.  9 

44.2 

3  p.  m.  to  5  p.  m  

9, 328 

.539 

5.0 

263.2 

258. 2 

+  22.7 

280.9 

76.6 

5  p.  m.  to  7  p.  m  

9,328 

.539 

5.0 

276.5 

271.  5 

-  35.0 

236.  5 

64. 5 

Total,  6  hours. 

27, 207 

14.6 

719.8 

705. 2 

-  25.9 

679. 3 

185. 3 

7  p.  m.  to  9  p.  m  

9,  328 

.583 

5.4 

153.8 

148. 4 

-  44.4 

104. 0 

28.4 

9  p.  m.  to  11  p.  m  

9, 328 

.  583 

5. 4 

108.7 

103.3 

-  8.0 

95.3 

26.0 

11  p.  m.  to  1  a,  m  

10, 105 

.583 

5.9 

95.2 

89.3 

-  10.6 

72.  7 

19.  8 

Total,  6  hours. 

28,  761 

16.  7 

357.  7 

341.0 

-  69.0 

272. 0 

74.  2 

1  a.  ni.  to  3  a.  m  

9, 328 

.563 

5.3 

64.8 

59.5 

-  4.7 

54. 8 

14. 9 

3  a.  m.  to  5  a.  m  

9, 328 

.  563 

5. 3 

61.0 

55.7 

+  1.1 

56.8 

15.5 

5  a.  m.  to  7  a.  m  

9,328 

.563 

5.3 

60.  3 

55.0 

—  .3 

54.7 

14.9 

Total,  6  hours. 

27,  984 

15.  9 

186. 1 

170.  2 

-    3. 9 

166. 3 

45.  3 

Total,  1  day  .. 

111, 159 

61.8 

1, 859. 6 

1,797.8 

+  2.3 

1 , 800. 1 

490.  9 

25-20 

7  a.  m.  to  9  a.  m  

9, 328 

.546 

5.1 

109.6 

104.  5 

+  61.4 

165.  9 

45. 2 

9  a.  m.  to  11  a.  m  

9, 328 

.  546 

5. 1 

263.4 

258.3 

+  55.6 

313. 9 

85. 6 

11  a.  m.  to  1  p.  m 

8,551 

.  546 

4.  6 

269.7 

265.1 

-  15.9 

249. 2 

68.0 

Total,  6  hours. 

27, 207 

14.8 

642.7 

627. 9 

+101. 1 

729. 0 

198.8 

1  p.  m.  to  3  p.  m  .  

9,  328 

.537 

5.0 

199.1 

194.1 

-  11.4 

182. 7 

49. 8 

3  p.  m.  to  5  p.  m  

9, 328 

.  537 

5.0 

286.4 

281.4 

+  31.2 

312. 6 

85. 2 

5  p.  m.  to  7  p.  m  

9, 328 

.  537 

5.0 

291.8 

286.  8 

-  48.2 

238.  6 

65.1 

Total  6  hours. . 

27,  984 

15.0 

777.3 

762.3 

-  28.4 

733.9 

200. 1 

7  p.  m.  to  9  p.  m  

9, 328 

.577 

5.4 

152.  7 

147.3 

-  45.8 

101.  5 

27.  7 

9  p.  m.  to  11  p.  m  . . . 

10, 105 

.  577 

5. 8 

116.4 

110.6 

-  6.8 

103. 8 

28. 3 

11  p.  m.  to  1  a.  m  . . . 

10, 105 

.577 

5.  8 

92.6 

86.8 

-  15.0 

71. 8 

19.6 

Total,  6  hours. 

29, 538 

17.0 

361.  7 

344.7 

-  67.6 

277. 1 

75. 6 

1  a.  m.  to  3  a.  in 

9,  328 

.587 

5.5 

63.5 

58.0 

-  5.7 

52. 3 

14.3 

3  a.  m.  to  5  a.  m  

10, 105 

.  587 

5  9 

64.5 

58.6 

-  1.0 

57.6 

15.7 

5  a.  m.  to  7  a.  m  

9,328 

.587 

5.5 

61.8 

56.3 

+  2.4 

58.7 

16.0 

Total,  0  hours. 

28, 761 

16.9 

189.8 

172.  9 

-  4.3 

168. 6 

40.  0 

Total,  1  day  .. 

113, 490 

63.7 

1, 971. 5 

1.907.8  \+  .8 

1, 908. 6 

520.5 

26-27 

7  a.  m.  to  9  a.  m  

9,328 

.587 

5.5 

112.6 

107.1 

+  60.8 

167. 9 

45.8 

9  a.  m.  to  11  a.  ru  . .. 

9, 328 

.587 

5.5 

266. 0 

260.5 

+  42.6 

303. 1 

82.  7 

1 1  &  m  to  1  p  m 

10  105 

.587 

5.9 

310.  4 

304. 5 

-  5.3 

299.  2 

81. 6 

Total,  6  hours. 

28,  761 

16.9 

689.0 

672.1 

+  98.1 

770.2 

210. 1 

1  p.  m.  to  3  p.  ru  

9,328  . 

.556 

5.2 

202.1 

196.9 

-  6.6 

190.3 

5L9 

3  p.  m.  to  5  p.  m  

9,328 

.556 

5.2 

283.9 

278.  7 

4-  31.6 

310.3 

84.6 

5  p.  m.  to  7  p.  m  

9,328 

.556 

5.2 

279.  5 

274.3 

-  53.5 

220.  8 

60.2 

Total,  6  hours. 

27,984 

15.6  | 

765.  5 

749.9 

-  28.5 

721.4 

196.7 

267 


Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

(h) 

Total 
weight 

In  incoming 
air. 

(rf) 

(e) 
Total 

(/)  (flO 
Correc-  Cor- 

Period. 

(num- 
ber of 
liters  of 
air). 

(b) 

Per 
liter. 

(c) 

Total, 
o  x  6. 

going 
air. 

in  out- 
going 

d-c. 

amount 

re- 
main- 
ing in 
cham- 
ber. 

amount 

ex- 
haled 

by 
subject, 
p  4-  f 

of  car- 
bon ex- 
haled, 

Experiment  No.  58 — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

7  p.  m.  to  9  p.  m  .  

9, 328 

0. 554 

5.2 

152.8 

147.6 

43.5 

104.1 

28. 4 

9  p.  m.  to  11  p.  ru  

10, 105 

.554 

5  6 

115. 2 

109.6 

9.8 

99.8 

27. 2 

11  p.  m.  to  1  a.  m  

9,328 

.  554 

5.2 

86. 3 

81. 1 

15.0 

66.1 

18.0 

Total,  6  hours. 

28, 761 

16.0 

338.  3 

68.3 

270.0 

73.  6 

1  a.  m.  to  3  a.  m  

9,  328 

.552 

5.2 

67. 2 

62. 0 

+ 

.  2 

62.2 

17.0 

3  a.  m.  to  5  a.  m  

9, 328 

.552 

5.2 

67.9 

62.7 

.8 

61.9 

16.9 

5  a.  m.  to  7  a.  m  

9,328 

.552 

5.2 

63.3 

58.1 

57.4 

15.6 

Total,  6  hours. 

27,  984 

15.6 

198. 4 

182. 8 

1.8 

181.5 

49.5 

Total,  1  day  .. 

113, 490 

64.1 

2,  007. 2 

1,  943. 1 

0.0 

1, 943. 1 

529. 9 

Total,  3  days  . 

338, 139 

189.  6 

o,  008.  o 

-      i  in  — 

0,  648.  7 

+ 

3.1 

5,  651. 8 

1,  541.3 

Experiment  No.  ok. 

7  a.  m.  to  9  a.  m  .... 

9, 328 

.  530 

4. 9 

109.8 

104.9 

+ 

60.0 

164.  9 

45. 0 

9  a.  m.  to  11  a.  m  . . . 

9, 328 

.530 

4. 9 

245.5 

240.6 

+  35.9 

276.5 

75. 4 

11  a.  m.  to  1  p.  m  

9,328 

.  530 

4. 9 

258. 3 

253. 4 

11.8 

241. 6 

65.9 

Total,  6  hours. 

27,  984 

14.  7 

613.6 

598.9 

+ 

84.1 

683.0 

186.3 

1  p.  m.  to3p.  m  ,  . 

8, 551 

.552 

4.7 

164.6 

159.9 

5.0 

154.9 

42. 2 

3  p.  m.  to  5  p.  m  

9, 328 

.552 

5. 2 

262.1 

256.9 

+  26.1 

283. 0 

77. 2 

5  p.  m.  to  7  p.  m  

8, 551 

.552 

4.  7 

253. 1 

248. 4 

33.3 

215. 1 

58.7 

Total,  6  hours. 

26, 430 

14.6 

679.8 

665.  2 

12.2 

653.  0 

178. 1 



i  p.  m.  to  9  p.  m ... . 

9,  328 

.593 

5.5 

151.3 

145.  8 

47.1 

26. 9 

9  p.  m.  to  11  p.  m. . . 

10, 105 

.  593 

6. 0 

109.3 

103.3 

12.2 

91.1 

24. 8 

11  p.  m.  to  1  a.  m  . . . 

9, 328 

.593 

5.5 

lo.t 

TO  Q 

9.6 

63.3 

17.  3 

Total,  6  hours. 

28,  761 

17.  0 

339. 0 

322.  0 

68.9 

253. 1 

69.0 

1  a.  m.  to  3  a.  m  ... . 

10, 105 

.579 

5.9 

69.9 

64.0 

4.4 

59.6 

16.2 

3  a.  m.  to  5  a.  m  

9, 328 

.  579 

5. 4 

59.2 

53.8 

1.7 

52. 1 

14.2 

5  a.  m.  to  7  a.  m  

9,328 

.579 

5.4 

60.  0 

54.  6 

+ 

4.3 

58.9 

16.1 

Total,  6  hours. 

28,  761 

16.  7 

189. 1 

llZ.  4 

1.8 

170.  6 

46.5 

Total,  1  day 

111, 936 

63.0 

1,821.5 

1,  758.  5 

-f- 

1.2 

1, 759. 7 

479.  9 

7  a.  ni.  to  9  a.  m  .  

10, 105 

.595 

"  6.0 

122.3 

116.3 

+ 

70.2 

186.5 

50. 9 

9  a.  m.  to  11  a.  m  

9,  328 

.  595 

5.  6 

256.3 

250.7 

+  31.3 

282. 0 

76. 9 

11  a.  m.  to  1  p.  m. . ; 

7,  774 

,  595 

4.6 

'166.  o 

229.  0 

+ 

7.5 

236. 5 

64.5 

Total,  6  hours. 

27,  207 

16.2 

612.2 

596.0 

4-109.0 

705.0 

192.3 

1  p.  m.  to  3  p.  m  

9, 328 

.578 

5.4 

202.  7 

197.3 

26.2 

171.1 

46. 7 

3  p.  m.  to  5  p.  m  .  

9, 328 

.578 

5.4 

266.7 

261.3 

+  31.4 

292.7 

79. 8 

5  p.  m.  to  7  p.  m  

6  996 

.578 

4.0 

225.  2 

221.  2 

37.5 

183.7 

50.1 

Total,  6  hours. 

25  652 

14.8 

694.6 

679.8 

32.3 

647.5 

176.6 

7  p.  m.  to  9  p.  m  

10, 105 

.616 

6.2 

160.8 

154.6 

58.5 

96.1 

26.2 

9  p.  m.  to  11  p.  in... 

10, 105 

.616 

6.2 

100.8 

94.6 

9.1 

85.5 

23.3 

11  p.  m.  tola.  m... 

9,328 

.616 

5.8 

75.0 

69.2 

8.3 

60.9 

16.6 

Total,  6  hours. 

29, 538 

18.2 

336.6 

318.4 

75.9 

242.  5 

66.1 
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Table  118. — Record  of  carbon  dioxid  in  ventilating  air  current,  etc. — Continued. 


(a) 

Venti- 
lation 

Carbon  dioxid. 

\h) 

Total 
weight 
of  car- 
bon ex- 
haled, 
9  X  T3r. 

In  incoming 
air. 

(d) 

(«) 

Total 
excess 
in  out- 
going 

air, 
d-c. 

(/) 
Correc- 
tion for 
amount 

re- 
main- 
ing in 
cham- 
ber. 

fa) 

Cor- 
rected 
amount 
ex- 
haled 

by 
subject, 
e  +/. 

Date. 

Period. 

(num- 
ber of 
liters  of 
air). 

.  (6) 

Per 
liter. 

(c) 

Total, 

a  x  b. 

In  out- 
going 
air. 

1902. 

Experiment  No.  5U — 
Continued. 

Liters. 

Mgs. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Apr.  28-29 

1  a.  m.  to  3  a.  m  

9,328 

0. 623 

5.8 

64. 4 

58.  6 

—  0.3 

58.3 

15.9 

3  a.  m.  to  5  a.  m  

10, 105 

.623 

6.3 

66.  6 

60. 3 

—    4. 3 

56. 0 

15. 3 

5  a.  m.  to  7  a.  m  

9, 328 

.623 

5.8 

59.5 

53.7 

+  1.2 

54.9 

14.9 

Total,  6  hours. 

28, 761 

17.9 

190. 5 

172.  6 

-  3.4 

169.2 

46.1 

Total,  1  day  . . 

111,158 

67.1 

1, 833. 9 

1,766.8 

-  2.6 

1,764.2 

481. 1 

29-30 

*7  o    vn    tn  Q  n  m 

/    Clt    111  .    t<J    U   Ch,    ILL  .  .  .  . 

9  328 

.  603 

5. 6 

108.3 

102.  7 

+  66.8 

169.5 

46  2 

9  a.  m.  to  11  a.  m . . . 

9, 328 

.  603 

5. 6 

257. 0 

251. 4 

+  56. 7 

308. 1 

84.0 

11  a.  m.  to  1  p.  m... 

9, 328 

.603 

5.6 

275.  7 

270.1 

-  33.9 

236.2 

64.4 

Total,  6  hours  . 

27, 984 

16.8 

641. 0 

624. 2 

+  89.6 

713.8 

194.6 

1  p  m  to  3  p  m 

9  328 

.  590 

5. 5 

185.4 

179.9 

-  2.8 

177.1 

48. 3 

3  p.  m.  to  5  p.  m  

9, 328 

590 

5. 5 

236. 1 

230. 6 

+    5. 1 

235. 7 

64.3 

5  p.  m.  to  7  p.  m  

9,328 

.590 

5.5 

242. 1 

236.6 

-  30.2 

206.4 

56.3 

Total,  6  hours  . 

27, 984 

16.5 

663. 6 

647. 1 

—  27.9 

619. 2 

168.9 

1  p   HI    to  9  P  TTI 

10  105 

.590 

6.0 

147.6 

141.6 

-  38.9 

102. 7 

28. 0 

9  p.  m.  to  11  p.  m... 

9,  328 

.  590 

5.5 

94. 1 

88. 6 

  9  o 

79. 6 

21.7 

11  p.  m.  to  1  a.  m  . . . 

9,328 

.590 

5.5 

74.8 

69.3 

-  10.4 

58.9 

16.1 

Total,  6  hours  . 

28, 761 

17. 0 

316.5 

299.5 

—  58.3 

241.2 

65.8 

1  a.  m.  to  3  a.  m  

10, 105 

.618 

6.2 

68. 8 

62. 6 

—    3. 6 

59. 0 

16.1 

3  a.  m.  to  5  a.  m  

9,  328 

.  618 

5. 8 

59.4 

53.  6 

+  .3 

53.9 

14.7 

5  a.  m.  to  7  a.  m  

9, 328 

.618 

5.8 

62. 5 

56. 7 

+  3.6 

60. 3 

16.4 

Total  6  hours  . 

28  761 

17. 8 

190.7 

172.  9 

+  .3 

173.2 

47.2 

Total,  1  day  . . . 

113, 490 

68.1 

1,811.7 

1,743.6 

+  3.7 

1,  747. 3 

476. 5 

Total,  3  days  .. 

336, 584 

198.2 

5, 467. 1 

5, 268. 9 

+  2.3 

5, 271. 2 

1,437. 5 

JZtJ.-JJCt  CHICHI  ±W*  UO. 

1  o    tti    tn  Q  o  ttt 

/    thm   LLL,    L\J   V  Oit   L1L  .  .  .  . 

9, 328 

574 

5  4 

150.  5 

145.1 

+  99.4 

244.5 

66. 7 

9  a.  m.  to  11  a.  ni  ... 

9,328 

574 

5  4 

308. 4 

303. 0 

+  28. 4 

331. 4 

90.4 

11  a.  m.  to  1  p.  m... 

10, 105 

.574 

5.8 

336.9 

331.1 

0.0 

331.1 

90.3 

Total,  6  hours  . 

28,  761 

16.6 

795.8 

779.2 

+127.8 

907.0 

247.4 

1  p.  no .  to  3  p.  m .... 

10  105 

.  OoD 

o.  y 

251. 9 

246.0 

-  20.7 

225.3 

61.4 

3  p.  m.  to  5  p.  m  

9,328 

.  586 

O.  0 

311  2 

305  7 

+  14  7 

320  4 

87.4 

5  p.  m.  to  7  p.  m  

10, 883 

.586 

6.4 

339.  6 

333.2 

-  57.6 

275.6 

75.2 

Total,  6  hours  . 

30, 316 

17.8 

902. 7 

884.9 

-  63.6 

821.  3 

224.0 

7  p.  m.  to  9  p.  m .... 

10  105 

.579 

5.9 

212.  6 

206. 7 

+  35.6 

242.  3 

66. 1 

9  p.  m.  to  11  p.  m. . . 

10, 883 

.579 

6.3 

319  6 

313  3 

+    9. 2 

322. 5 

87.9 

11  p.  m.  to  1a.m..'. 

10, 105 

.579 

5.9 

284.7 

278.8 

-  .9 

277. 9 

75.8 

Total,  6  hours  . 

31,  093 

18.1 

816.9 

798.8 

+  43.9 

842.  7 

229.8 

1  a.  m.  to  3  a.  m  

10, 105 

.572 

5.8 

177. 4 

171.6 

73.1 

20.0 

3  a.  m.  to  5  a.  m  

10,883 

.572 

6.2 

117.5 

111.3 

+  55.9 

167.2 

45.6 

5  a.  m.  to  7  a.  m  

10, 105 

.572 

5.8 

233.8 

228.0 

+  34.3 

262.3 

71.5 

Total,  6  hours  . 

31,093 

17.8 

528.7 

510.9 

-  8.3 

502.  6 

137.1 

Total,  1  day  ... 

121,263 

70.3 

3,044.1 

2, 973. 8 

+  99.8 

3, 073.  6 

838.3 
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Total,  1 
day. 

1,  /Un.  U 

1,549.7 

1 

.-r 

1,821.0 
1,825.3 
1, 847. 6 

OS 

3 

1, 806. 1 
1,790.8 
1, 850. 0 
1,  954. 4 

r-T 

1,812.2 
1, 826.  7 
1,839.1 
1,903.5 

in 
1 
r-T 

1,955.5 
1, 827. 0 
1,817.9 

to 

1 

rH 

Total,  6 
hours. 

pi 

i 

an 

i 

Sill 

1 

§ 

§11 

§ 

5  a.m. 

to 
7  a.m. 

JO 

a 

S  2  3  S3 

3 

3 

g  g  g  g 

s 

s  s  s 

s 

3  a.  m. 

to 
5  a.  m. 

J« 

S 

s 

838 

s 

1  a.  m. 

to 
3  a.  m. 

I" 

s 

3SSS 

S3 

s 

s 

s 

Total,  6 
hours. 

pi 

1 

sill 

1 

§  1  1  1 

i 

IIS 

i 

11  p.m. 

to 
1  a.  m. 

I" 

s 

Si  S  S  3 

3  IS  15  S 

8 

3  S  3  ii 

s 

8  1!!! 

e 

9  p.  m. 

to 
11  p.m. 

I" 

s 

S  S  S  si 

S  S  £  Si 

'5 

s 

8g§ 

1 

7  p.  m. 

to 
9  p.m. 

i" 

§§§§ 

i 

1 

3  S3  *  g 

8 

SIS 

Total,  G 
hours. 

pi 

1 

I  g  S  S 

I 

1  §  ■  I  f! 

1 

111 

5  p.  m. 

to 
7  p.  m. 

pE 

t 

an 

i  s  g  s 

1 

210.1 
233.9 
219.5 
245.8 

Si 

IIS 

S 

M 
a*  a 

co  m 

\tt 

i 

an 

i 

iiii 

i 

g  g  i  1 

i 

1 

M 

A°A 

pi 

§ 

218. 1 
190. 6 
214.  7 
196.3 

i 

iris 

§ 

s 

IIS 

1 

Total,  6 
hours. 

Pi 

§ 

g 

E 

i  g  i 

1 

11a.m. 

to 
1  p.m. 

pi 

an 

i 

1 

liss 

i 

9  a.  m. 

to 
11  a.  m. 

pi 

Mi 

i 

1 

liii 

i 

iii 

t 

7  a.  m. 

to 
9  a.  m. 

pi 

§ 

202.  7 
161.1 
180.  2 
187.8 

i 

i 

§  s  § 

& 

& 

• 

Number  and  kind  of  ex- 
periment. 

Work  experiments,  carbohy- 
drate diet— Continued. 

No.  37  

No.  37  

Average  per  day  

No.  40  

No.  40  

No.  40  

No.  40  

Average  per  day  

No.  44  

No.  44  

No.  44  

No.  44  

Average  per  day  

No.  47  

No.  47  

No.  47  

No.  47  

No.  49  

No.  49    

No.  49  

Average  per  day  
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Table  120. — Record  of  water  in  ventilating  air  current,  metabolism  experiments  Nos.  35- 

55,  inclusive. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(9) 

(h) 

(i)  \ 

Period. 

Ventilation  (number  of 
liters  of  air). 

(6) 

u 

(<0 

X 

(d) 
o  g 

c  ^ 
c  S  £ 

< 

(«) 

r-  N 

©  £ 

r-  O 

O  g  g 

< 

(/) 
+ 

Total  excess  water  in 
outgoing  air,/-c. 

Correction  for  water  re- 
maining in  chamber. 

Total  water  of  respira- 
tion and  perspiration, 
9+h. 

PvfuviiiHfxril  to  ex- 
periment No.  35. 

Liters 

3Igs. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms 

Gms 

7  p.  m.  to  9  p.  m . . . 

9, 328 

0. 766 

7.1 

79.6 

15.4 

95.0 

87.  9 

90. 2 

9  p.  m.  to  11  p.  m . . 

10, 105 

.766 

7. 7 

85.9 

15.6 

101. 5 

93.8 

-1.0 

92.8 

11  p.  m.  tola.  m.. 

9,328 

.  766 

7. 1 

78.  0 

14.  6 

92. 6 

85.5 

+1.0 

86.5 

Total,  6  hours 

28,  761 

21.  9 

243. 5 

45. 6 

289.1 

267.2 

+2.3 

269.5 

1  a.  m.  to  3  a.  m  ... 

10  105 

.746 

7.5 

83.6 

15.5 

99.1 

91.  6 

 L7 

89  9 

3  a.  m.  to  5  a.  m  ... 

10, 105 

.746 

7.5 

80.1 

16.1 

96.2 

88.7 

-  .9 

87.8 

5  a.  m.  to  7  a.  m  ... 

10, 105 

.  746 

7. 5 

74. 9 

13. 7 

88. 6 

81.1 

-6.1 

75.0 

Total,  6  hours 

30,  315 

22.5 

238.  6 

45.3 

283.9 

261.4 

-8.7 

252.7 

Total,  i  day.. 

59  076 

44.4 

482.1 

90.9 

573.0 

528. 6 

— 6. 4 

522. 2 

Experiment  No.  35. 

7  a.  m.  to  9  a.  m  . . . 

10, 105 

.757 

7.7 

84.3 

15.2 

99.5 

91. 8 

+7.5 

99=3 

9  a.  m.  to  11  a,  m  .. 

9,328 

.757 

7.1 

82.2 

13.2 

95.4 

88.3 

-1.4 

86.9 

11  a.  m.  to  1  p.  m .. 

10, 105 

.757 

7.  7 

76.8 

15.2 

92.0 

84.3 

-2.8 

81.5 

Total,  6  hours 

29  538 

22.5 

213.  3 

43.6 

286.9 

264  4 

-\-o.  6 

OP.H  7 

1  p.  m.  to  3  p.  m... 

9, 328 

.791 

7.4 

76.5 

12.9 

89.4 

82. 0 

+3.4 

85.4 

3  p.  m.  to  5  p.  m . . . 

10, 105 

.791 

8.0 

79.2 

15.3 

94.5 

86.5 

-2.6 

83.9 

5  p.  m.  to  7  p.  m . . . 

10. 105 

.791 

8.0 

79.8 

13.8 

93.6 

85.6 

+  .5 

86.1 

Total,  6  hours 

29, 538 

23.4 

235. 5 

42.0 

277.5 

OK/1  I 

+1.  6 

ZOO.  4 

7  p.  m.  to  9  p.  ru... 

9,328 

.707 

6.6 

73.3 

12.8 

86.1 

79.  5 

+  .5 

80.0 

9  p.  m.  to  11  p.  m.. 

10, 105 

.707 

7.1 

79.7 

13.1 

92.8 

85.7 

-2.0 

83.7 

11  p.  m.  to  1  a.  m . . 

9, 328 

.707 

6.6 

68.2 

12.1 

80.3 

73.7 

-2.8 

70.9 

Total,  6  hours 

28,  761 

20.3 

221.2 

38.0 

259. 2 

238.9 

-4.3 

234.  6 

1  a.  m.  to  3  a.  m  ... 

10, 105 

.645 

6.5 

70.] 

10.9 

81.0 

74.5 

+  .2 

74.7 

3  a.  m.  to  5  a.  m  . .. 

9,328 

.645 

6.0 

48.5 

11.6 

60.1 

54.1 

-3.3 

50.8 

5  a.  m.  to  7  a.  m  . . . 

10, 105 

.645 

6.5 

66.0 

11.4 

77.4 

70.9 

+  .2 

71.1 

Total,  6  hours 

29, 538 

19.0 

184.6 

33.9 

218.5 

199. 5 

-2.9 

196.6 



Total,  1  day.. 

117,  375 

85.2 

884.6 

157. 5 

1,  042. 1 

956.9 

-2.6 

954.3 

7  a.  m.  to  9  a.  m  . . . 

10, 105 

.683 

6.9 

73.6 

12.7 

86.3 

79.4 

+5.7 

85.1 

9  a.  m.  to  11  a.  m  .. 

9,328 

.683 

6.4 

70.3 

11.7 

82.0 

75.6 

—5. 2 

70.4 

11  a.  m.  to  1  p.  m  .. 

10, 105 

.683 

6.9 

68.2 

13.4 

81.6 

74.7 

+  .5 

75.2 

Total,  6  hours 

29,  538 

20.2 

212.1 

37.8 

249.9 

229.7 

+1.0 

230.7 

1  p.  m.  to  3  p.  m  . . . 

9,328 

.706 

6.6 

64.0 

10.0 

74.0 

67.4 

+7.5 

74.9 

3  p.  m.  to  5  p.  m . . . 

9, 328    . 706 

6.6 

71.6 

12.7 

84.3 

77.7 

-4.1 

73.6 

5  p.  m.  to  7  p.  m . . . 

10, 105 

.706 

7.1 

72.6 

13.1 

85.7 

78.6 

-  .6 

78.0 

Total,  6  hours 

28,  761 

20.3 

208.2 

35.8 

244.0 

223.  7 

+2.8 

226.5 

6000— No.  136—03  18 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

07) 

(h) 

"o 
u 

(*>. 

(d) 

(e) 

(/) 

a 

7 

4  _ 

t-i  <u 

Total  water  of  respira- 
tion and  perspiration, 
g  +  h. 

Date. 

Period. 

Ventilation  (numl 
liters  of  air). 

Per  liter. 

Total,  axb. 

Amount  con- 
densed in  freez- 
ers. 

Amount  not  con- 
densed in  freez- 
ers. 

Total,  d  +  e. 

Total  excess  wat 
outgoing  air,  J- 

Correction  for  vra 
maining  tn  chare 

1900. 

K.cpevi incut  jYo.  35 — 
Continued. 

Liters. 

Mgs. 

G7IIS. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Dec.  10-11  

7  p.  m.  to  9  p.  m . . . 

9, 328 

0. 697 

6. 5 

65. 1 

12. 4 

77. 5 

71. 0 

— 3. 0 

68. 0 

9  p.  m.  to  11  p.  m  . . 

10, 105 

.697 

7.0 

64.8 

12.8 

77.6 

70.6 

+  .5 

71.1 

11  p.  m.  to  1  a.  m  . . 

10, 105 

.  697 

7.0 

67.6 

12. 6 

80.2 

73.2 

+  .2 

73.4 

Total,  6  hours 

29, 538 

20.5 

197.5 

37.8 

235.3 

214.8 

-2.3 

212.5 

1  a.  rn.  to  3  a.  m  ... 

9, 32£ 

.  659 

6. 1 

62. 2 

11. 2 

7Q  A 

67. 3 

— 1.2 

66. 1 

3  a.  m.  to  5  a.  m  . . . 

10, 105 

.659 

6.6 

63.0 

12.3 

75.3 

68.7 

-2.6 

66. 1 

5  a.  m.  to  7  a.  m  . . . 

10, 105 

.  ooy 

6.7 

61.5 

11.8 

73.3 

66.6 

+1.3 

67.9 

Total,  6  hours 

29, 538 

19.4 

186.7 

35.3 

222.0 

202.6 

-2.5 

200.1 

Total,  1  day.. 

117, 375 

80. 4 

804. 5 



146. 7 

951. 2 

870. 8 

— 1.  C 

869. 8 

11-12  

7  a.  m.  to  9a.m... 

10, 105 

.679 

6.9 

71.4 

12.  9 

84.3 

77.4 

+5.7 

83.1 

9  a.  m.  to  11  a.m.. 

9, 328 

.  679 

6.3 

70.0 

11.1 

81.1 

74.8 

—2.9 

71. 9 

11  a.  m.  to  1  p.  m  .. 

9, 328 

.679 

6.3 

59.6 

11.3 

70.9 

64.6 

-1.8 

62.8 

Total,  6  hours 

28, 761 

19.5 

201.0 

35.3 

236.3 

216.8 

+1.0 

217.8 

1  p.  m.  to  3  p.  m... 

9, 328 

.  716 

6. 7 

61. 3 

11. 5 

72.  8 

66. 1 

+4. 6 

70,  7 

3  p.  m.  to  5  p.  m  ... 

9,328 

.716 

6.7 

64.6 

12.1 

76.7 

70.0 

—1.3 

68.7 

5  p.  m.  to  7  p.  m... 

10, 105 

.  716 

7.2 

74.0 

12.  7 

86.7 

79.5 

+  1. 3 

80.8 

Total,  6  hours 

28,  761 

20.6 

199.9 

36.3 

236.2 

215.6 

+4.6 

220. 2 

7  p.  m.  to  9  p.  m  . . . 

9, 328 

.  685 

6. 4 

69. 3 

11. 6 

80. 9 

74. 5 

—  .  3 

74. 2 

9  p.  m.  to  11  p.  m  . . 

10, 105 

.685 

6.9 

68.9 

12.5 

81.4 

74.5 

—3. 1 

71.4 

11  p.  m.  to  1  a.  m  .. 

9, 328 

.  685 

6.4 

63.6 

11.4 

75.0 

68.6 

■ ' 

67.9 

Total,  6  hours 

28,  761 

19.7 

201. 8 

35.5 

237. 3 

217.6 

-4.1 

213.5 

1  a.  m.  to  3  a.  m  ... 

10, 105 

.  651 

6.  6 

66. 6 

11.  3 



77.  9 

71. 3 

—1. 6 

69. 7 

3  a.  m.  to  5  a.  m  . . . 

10, 105 

.651 

6.6 

63. 7 

12.1 

75.8 

69.2 

+1.4 

70.6 

5  a.  m.  to  7  a.  m  . . . 

10, 105 

.  651 

6.6 

64.4 

11.8 

76.2 

69.6 

+  1.  0 

71. 1 

Total,  6  hours 

30, 315 

19.8 

194.7 

35.2 

229.9 

210.1 

+1.3 

211.4 

Total,  1  day.. 

116, 598 

79.6 

797.4 

142.3 

939.7 

860.1 

+2.8 

862.9 

12-13  

7  a.  m.  to  9  a.  m  ... 

9,328 

.696 

6.5 

67.7 

11.6 

79.3 

72.8 

+  1.5 

74.3 

9  a.  m.  to  11  a.  m  . . 

8, 551 

.696 

5.9 

63.9 

10.2 

74.1 

68.2 

+  .5 

68.7 

11  a.  m.  to  1  p.  m  . . 

9, 328 

.696 

6.5 

65.2 

12.0 

77.2 

70.7 

-1.2 

69.5 

Total,  6  hours 

27, 207 

18.9 

196.8 

33.8 

230.6 

211.7 

+  .8 

212. 5 

1  p.  m.  to  3  p.  m ... 

9,328 

.730 

6.8 

65.9 

11.5 

77.4 

70.6 

+1.6 

72.2 

3  p.  m.  to  5  p.  m  ... 

9,328 

.730 

6.8 

68.5 

12.0 

80.5 

73.7 

-1.1 

72.6 

5  p.  m.  to  7  p.  m ... 

9,328 

.730 

6.8 

67.5 

11.6 

79.1 

72.3 

0.0 

72.3 

Total,  6  hours 

27, 984 

20.4 

201.9 

35.1 

237.0 

216.6 

+  .5 

217.1 

7  p.  m.  to  9  p.  m  ... 

9, 328 

.699 

6.5 

61.3 

11.5 

72.8 

66.3 

-2.4 

63/9 

9  p.  m.  to  11  p.  m .. 

10, 105 

.699 

7.1 

64.8 

12.8 

77.6 

70.5 

0.0 

70.5 

11  p.  m.  to  1  a.  m  . . 

10, 105 

.699 

7.1 

65.5 

12.8 

78.3 

71.2 

0.0 

71.2 

Total,  6  hours 

29, 538 

20.7 

191.6 

37.1 

228.7 

208.0 

-2.4 

205.6 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

iff) 

(h) 

0) 

o 

i 

Date. 

Period. 

Ventilation  (number 
liters  of  air). 

(6) 

■3 

P4 

(c) 
e 

EH 

(d) 
o  S 

sis 

Amount  not  con- 
densed in  freez-  ^ 
ers. 

(/) 

+ 
EH 

Total  excess  water 
outgoing  air,/-c. 

Correction  for  water  i 
maining  in  chamber, 

Total  water  of  respii 
tion  and  perspiratio 
g+h. 

1900. 

l£xpcri  nit lit  No.  35 — 
Continued. 

j-j  iters. 

Mgs. 

Gms. 

Gms. 

Gms 

Gms. 

Gms 

Dec.  12-13  

1  a.  m.  to  3  a.  m  . . . 

9,328 

0. 687 

6.4 

62.  3 

10.9 

73.2 

66.8 

-0.9 

65.9 

3  a.  m.  to  5  a.  in  . . . 

10, 105 

.  00/ 

6. 9 

62. 8 

12.8 

75. 6 

68.7 

-1.4 

67.3 

5  ft>   HI   "to  1  ft  TP. 

10, 105 

RSI 
.  00/ 

R  Q 

o.  y 

fii  i 

01.  / 

11.9 

73. 6 

66.7 

+1.9 

68.6 

Total,  6  hours 

29, 538 

20.2 

186.  8 

35.6 

222. 4 

202. 2 

-  .4 

201.8 

Total,  1  day.. 

114, 267 

80.2 

777. 1 

141. 6 

918.  7 

838.5 

—1.5 

837.0 

Total,  4  days. 

465, 615 

325. 4 

3, 263. 6 

588.1 

3, 851.  7 

3, 526.  3 

-2.3 

3, 524. 0 

Experiment  No.  36. 

^13-14  

7  a.  m.  to  9  a.  m  

10, 105 

.724 

7.3 

67.2 

13.2 

80.4 

73.1 

+  .2 

73.3 

9  a.  m.  to  11  a.  m  .. 

9  328 

.724 

6.8 

58.8 

11.  6 

70.4 

63.  6 

 2. 0 

61  6 

11  a.  m.  to  1  p.  m  . . 

9,328 

.724 

6.8 

55.0 

12.0 

67.0 

60.2 

-  .6 

59.6 

Total,  6  hours 

28, 761 

20.9 

181.0 

36.8 

217.8 

196.9 

-2.4 

194.5 

1  p.  m.  to  3  p.  m  

9  328 

.  /54 

7.0 

58.6 

11. 5 

70.1 

63. 1 

+1. 3 

64.  4 

3  p.  m.  to  5  p.  m  . .. 

9,328 

.754 

7.0 

55.6 

11.8 

67.4 

60.4 

—1.1 

59.3 

5  p.  m.  to  7  p.  m  . . . 

9,328 

.754 

7.0 

57.2 

11.5 

68.7 

61.7 

+  .9 

62.6 

Total,  6  hours 

27  984 

21.0 

171.4 

34.  8 

206.2 

185. 2 

+1. 1 

186. 3 

7  p.  m.  to  9  p.  m  . . . 

10  105 

.  oy/ 

7.0 

58.8 

12. 8 

71.6 

64. 6 

.b 

64.  G 

9  p.  m.  to  11  p.  m  .. 

9,  328 

.697 

6.5 

56.6 

11.2 

67.8 

61.3 

0.0 

61.3 

11  p.  m.  tola.  m.. 

10, 105 

.697 

7.0 

61.2 

12.2 

73.4 

66.4 

0.0 

66.4 

Total,  6  hours 

29  538 

20.5 

176.6 

36. 2 

212.8 

192.  3 

-  6 

.0 

191  7 

1  a.  m.  to  3  a.  m  . . . 

10  105 

.627 

6.3 

60.1 

11. 6 

71.7 

65. 4 

-1.2 

64.  2 

3  a.  m.  to  5  a.  m  . . . 

10, 105 

.627 

6.3 

60.9 

11.8 

72.7 

66.4 

—  .4 

66.0 

5  a.  rn.to7a.rn... 

9,647 

.627 

6.0 

58.7 

10.3 

69.0 

63.0 

+2.4 

65.4 

Total,  6  hours 

29,857 

18.6 

179.7 

33.7 

213.4 

194.8 

+  .8 

195.  6 

Total,  1  day.. 

116, 140 

81.0 

708.7 

141.5 

850.2 

769.2 

-1.1 

~ 76sTl 

1901. 

JPrcl im i iKiry  to  c%~ 
pertinent  No.  37. 

Jan.  10-11  

7  p.  m.  to  9  p.  m  

10, 105 

.705 

7.1 

75.5 

18.9 

94.4 

87.3 

+1.5 

88.8 

9  p.  m.  to  11  p.  m.. 

9,  328 

.705 

6.6 

75.8 

15.3 

91.1 

84.5 

-2.3 

82.2 

11  p.  m.  tola.  m.. 

10, 105 

.  /0o 

/.  i 

fie  p. 

00.  0 

15.7 

01.  O 

77.2 

-2.3 

74.9 

Total,  6  hours 

29, 538 

20.8 

219.9 

49.9 

269.8 

249.0 

-3.1 

245. 9 

1  a.  m.  to  3  a.  m  ... 

10, 105 

.712 

7.2 

75. 7 

14.7 

90.4 

83.2 

+1.0 

84.2 

3  a.  m.  to  5  a.  m  . . . 

10, 105 

.712 

7.2 

72.6 

15.0 

87.6 

80.4 

+  .3 

80.7 

5  a.  m.  to  7  a.  m  ... 

10, 105 

.712 

7.2 

72.8 

13.9 

86.7 

79.5 

+1.3 

80.8 

Total,  6  hours 

30, 315 

21.6 

221.1 

43.6 

264.7 

492.1 

+2.6 

245. 7 

Total,  i  day.. 

59, 853 

42.4 

441.0 

93.5 

534.5 

741.1 

+5.7 

491.6 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


a  08 

03.-S 


Wa  ter  in  in- 
coming air. 


(&) 


(c) 


Water  in  outgoing 
air. 


(d) 


C  CD 
O  0) 


2  5  £ 


a>  I I'd 
«4 


(/) 


(</) 


(ft) 


(i) 


.a  o 

■sg 


Experiment  No.  37. 

7  a.  m.  to  9a.m... 
9  a.  m.  to  11  a.  rn  . . 
11  a.  m.  to  lp.m.. 

Total,  6  hours 

1  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 


Liters. 
10, 105 
9,328 
10, 105 


Mgs. 

0. 814 
.814 
.814 


Gms. 
8.2 
7.6 
8.2 


G?ns. 
88.4 
93.5 

100.0 


Gms. 
15.4 
14.8 
17.7 


Gms. 
103.; 

108.; 

117.' 


Gms. 
95. 
100. 
109. 


(?m.s. 
6  +  126. 
7'+  428. 
5  +  228. 


Gms. 
222.2 
529.6 
337.5 


29,  53X 


24.0 


2*1.9 


47.9 


7*3. 


9,  328 
9,328 
10, 105 


87 
96.5 
106.1 


14.3 
14.8 
16.3 


102.1 

111.; 
122.. 


94. 
103. 
113. 


0+  96. 
3+  291. 
7+  216, 


5  1, 089. 3 
190.2 


2x,7<;i 


24.7 


290.  3 


45.4 


335.  7 


311.0  +    604.0  915.0 


7  p. 
9  p. 
lip 


7  a 
9  a, 
11  a 


lp. 
3  p. 
5  p. 


7  p. 
9  p. 
lip 


7  a. 
9  a. 
11  a 


m.  to  9  p.  m . . 
m.  to  11  p.  m. 
.  m.  tola.  m. 

Total,  6  hours 

m.  to  3  a.  m  .. 
m.  to  5  a.  m  . . 
m.  to  7  a.  m  .. 

Total,  6  hours 

Total,  1  day 

m.  to  9  a.  m  . 
m.  to  11  a.  m 
.  m.  to  1  p.  m 

Total,  6  hours 

m.  to  3  p.  m . . . 
m.  to  5  p.  m. . . 
m.  to  7  p.  m  . . . 

Total,  6  hours 

m.  to  9  p.  m . . . 
m.  to  11  p.  m . . 
.  m.  to  1  a.  m . . 

Total,  6  hours 

m.  to  3  a.  in  ... 
m.  to  5  a.  m  . . . 
m.  to  7  a.  m  . .. 

Total,  6  hours 

Total,  lday.. 

m.  to  9  a.  m  ... 
m.  to  11  a.  m  . . 
.  m.  to  1  p.  m  .. 

Total,  6  hours 


9,  328 
10, 105 
10, 105 


87.5 
97. 2 
95.0 


15.0 
14.5 
14.6 


102. 
111. 

toy. 


95. 
103. 
101. 


29.  53S 


23.1 


279. 7 


44.1 


323.  8 


300.7 


10, 105 
10, 105 
9,328 


100.7 
93.0 
91 


13.7 
14.8 
12.2 


114.' 
107. ) 
103.  i 


107. 
100. 
96. 


29,  53* 


285.  0 


40.7 


325. 7    304.  7 


117, 375 


92.81,136.9 


178.1 


1, 315. 0  1, 222. 2 


10, 105 
9,328 
10, 105 


7Ux 


94.4 
100.4 
111 


14.7 
13.8 
17.6 


109. 
114. 
129. 


29,53* 


23.  6 


306.  7 


46.1 


352. 8 


9,328 
9,328 
9,328 


99.2 
103.1 
106.6 


14.0 
15.7 
15.3 


113. 
118. 
121. 


27,  us  I 


308.9 


45.0 


353. 9 


101. 8 
95, 
92.4 


15.1 
13.6 
14.3 


116. 
109. 
106. 


30,  315 


.  23.1 


29(1.  I 


10, 105 
9,328 
10, 105 


29,; 


117,375 

10, 105 
9,328 
10, 105 


29, . 


96.0 
88.6 
90.3 


21.1 


274.9 


93. 0  1, 180. 6 


24.3 


94.3 
97.6 
107.8 


299.7 


43.0 


5.1 


14.2 
12.9 
12.7 


110. 
101. 
103. 


314. 


173.91,354.51,261.5 


14.0 
14.3 
16.4 


108.! 
111.  < 

124.: 


44.7 


344.4 


101. 
106. 
121. 


329.  2 


104. 
110. 
113. 


330.0 


+  23. 

-  4. 

-  27. 


4  118.6 
0  99. 8 
9  73.8 


5|    292. 2 


-  29. 

-  32. 

-  27. 


+  1,289.5  2,511.7 


160. 
353. 
385. 


77.5 
08.3 
69.4 


215. 2 


261.5 
460.0 
507.3 


899.61,228.8 


+  251. 
+  408. 
+  304. 


,  7  +  964. 
.  8  +  12. 


293.6 


100. 
104. 
115. 


320.] 


95.2 


+1,762. 

+  162. 
+  346. 
+  378. 


356.2 
519.  0 
417.8 


121.9 
114.0 
08.2 


304.1 


68.2 
62.3 
67.9 


198.4 


8  3, 024. 3 

3  262. 3 
451.0 
494.7 


+  887.91,208.0 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


Experiment  No.  37 — 
Continued. 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9.  p.  m  .. 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day 

7  a.  m.  to  9  a.  m  . 
9  a.  m.  to  11  a.  m 

II  a.  m.  to  1  p.  m 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  ru  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9p.m  ... 
9  p.  m.  to  11  p.  in  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m 
3  a.  m.  to  5  a.  m 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day. 

Total,  4  days 

Experiment  No.  38. 

7  a.  m.  to  9  a.  m  . . 
9  a.  m.  to  11  a.  m  . 

II  a.  m.  to  1  p.  m . . 

Total,  6  hours 


(a) 

H 

&  . 


Water  in  in- 
coming air. 


Liters. 
9, 328 
9, 328 
10, 105 


28,761 


10, 105 
10, 105 
10, 105 


30, 315 


10, 105 
9,328 
10, 105. 


29,  538 


118, 152 


10, 105 

9,328 
9,328 


28, 701 


9,328 
10, 105 
9,328 


28,  761 


10, 105 
10, 105 
10, 105 


30,315 


10, 105 
9,328 
10, 105 


29,53s 


117, 375 


470, 277 


10, 105 

9, 328 
9,328 


2S,7(I] 


(&) 


Mgs. 

0.867 
.867 
.867 


(c) 


22.5 


21). 


24.3 


Water  in  outgoing 
air. 


O  <D 

a 
a -a 

^  CO 

°  a  j. 
< 


5£ 


-t'L 


Gms. 


101.6 
109.4 


304.6 


103.0 
97.7 
97.4 


LI 


99.6 
88.6 


Gms 
13.0 
15,5 
16.4 


44.9 


15.4 
14.9 
14.0 


44. 


13 

12.9 

13.1 


278.1 


92.51,180.5 


90.1 
97.1 
92.1 


279.3 


88.3 
106.3 


291.2 


91.1 
90.7 

93.5 


22. 8    275. 3 


88.21,116.4 


91.9 
88.0 


90.2 
89.9 
92.9 


273.0 


39.7 


173.  (i 


13.0 
12.4 
14.5 


13.4 
16.2 
15.0 


44.  6 


15 

14.2 

13.7 


43.  2 


12.9 
12 


(/) 


Gms. 
106. 
117. 
125. 


349. 


118. 
112. 
111. 


342.  4 


113. 
101. 
103,. 


317. 8 


103. 
109. 
106. 


319.2 


101. 
122. 
111. 


335.  S 


106. 
104. 
107. 


(9) 


Gms. 


324.5 


110. 

105. 
103. 


319. 


106. 
95. 
95. 


297.1 


(h) 


%2 


Gms. 
+  205. 
+  404. 
+  236. 


+    845. 6  1, 170. 1 


103. 8 


1,354.11,261.6  +1,581 
7r+  88. 


95. 
102. 
99. 


295. 


8  97. 
,  81  94. 
12. 91    103.  6  96. 


104. 
100. 


.7 
289. 1 


166. 3  1, 282. 7  1, 194. 5 


691.  9  5,  306.  3  4,  939.  S 


13.9 
14.1 
14.7 


42.7 


104.1 
104. 0 
107.6 


315.7 


96.0 
96.5 
100.1 


+    234. 2 


+  611. 


+  143. 
+  287. 
+  199. 


+    629. 9 


Gms. 


513.2 
353.3 


109.4 
92.1 
70.1 

271.6 


71.5 
60.2 
61.6 


193.3 


4  2,843.0 

183.9 
392.0 
334.0 


1.9 


237.4 
401.0 
303.0 


941.4 


101.5 
95.1 
73.6 


270.  2 


-  35. 

-  34. 

-  29. 


6,  62. 3 
4  60. 1 
9;     66. 8 


9  189.2 


+1,116.2  2,310.7 


+5, 749.  9  10, 689.' 


67.7 
255.  6 
256. 3 


292.  6  +    579. 6 


163.7 
352.1 
356.4 


S72.  2 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(9) 

(h) 

(•*) 

o 

u 

<D 

(b) 

(c) 

(d) 

(e) 

(/) 

Correction  for  water  re- 
maining in  chamber. 

pira- 
tion, 

Date. 

Period. 

Ventilation  (numb 
liters  of  air). 

Per  liter. 

Total,  axb. 

Amount  con- 
densed in  freez- 
ers. 

Amount  not  con- 
densed in  freez- 
ers. 

+ 

1 
o 
H 

Total  excess  wate 
outgoing  air,  /— 

Total  water  of  res 
tion  and  perspira 
g+h. 

1901. 

Experiment  No.  38— 
Continued. 

Liters. 

Mgs. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Jan.  15-16 

1  p.  m.  to  3  p.  m... 

9,  328 

0. 852 

7.9 

87.2 

14.2 

101.4 

93,5!  + 

135. 2 

228.  7 

3  p.  m.  to  5  p.  m . . . 

10, 105 

.852 

8.6 

103. 5 

16.0 

119.5 

110.9 

315.7 

426.6 

5  p.  m.  to  7  p.  m... 

9, 328 

.852 

7.9 

100.2 

14.4 

114. 6 

106.7 

: 

233.0 

339.7 

Total,  6  hours 

28,  761 

24.4 

290.9 

44.6 

335.5 

311.1 

+ 

683.9 

995.0 

7  p.  m.  to  9  p.  m . . . 

10, 105 

.801 

8. 1 

85.4 

17.9 

103.3 

95.2 

11.9 

107. 1 

9  p.  m.  to  11  p.  m.. 

10, 105 

.801 

8.1 

93.3 

14.0 

107.3 

99.2 

3.4 

95.8 

11  p.  m.  to  1  a.  m.. 

10, 105 

.801 

8.1 

92.3 

13.8 

106. 1 

98.0 

38.4 

59.  6 

Total,  6  hours 

30,  315 

24.3 

271.0 

45.7 

316. 7 

292.4 

29.9 

262. 5 

1  a.  m.  to  3  a.  m ... 

10, 105 

.720 

7.3 

100.4 

13.4 

113.8 

106.5 

40.5 

66.0 

3  a.  m.  to  5  a.  m . . . 

9,  328    . 720 

6.7 

93.2 

12.9 

106. 1 

99.4 

42.2 

57.2 

5  a.  m.  to  7  a.  m  . . . 

10, 105 

.720 

7.3 

92.6 

13.0 

105.  6 

98.3 

44.6 

53.7 

Total,  6  hours 

29, 538 

21.3 

286.2 

39.3 

325.  5 

304.2 

127. 3 

176.9 

Total,  1  day.. 

117, 375 

93. 1 

1, 121. 1 

172. 3 

1,293.4 

1,200.3 

4-1.106  a 

2, 306. 6 

16-17  

7  a.  m.  to  9  a.  m  ... 

10, 105 

.846 

8  6 

91  3 

15  0 

106.3 

97.7 

+ 

101.2 

198.9 

9  a.  m.  to  11  a.  m 

9,328 

.846 

7.9 

98.1 

14.0 

112.1 

104.2 

+ 

319.0 

423. 2 

11  a.  m.  to  1  p.  m__ 

9, 328 

.846 

7.9 

98.3 

15.3 

113. 6 

105.  7 

+ 

282.2 

387.9 

Total,  6  hours 

28, 761 

24.4 

287.7 

44.3 

332.0 

307.6 

+ 

692.4 

1,010.0 

1  p.  m.  to  3  p.  m . . . 

9,328 

.915 

8. 5 

94. 5 

12.9 

107.4 

98.9 

+ 

174.7 

273.6 

3  p.  m.  to  5  p.  m... 

9, 328 

.915 

8.5 

100.8 

14.7 

115. 5 

107.0 

+ 

284.3 

391.3 

5  p.  m.  to  7  p.  m . . . 

9,328 

.915 

8.5 

96.2 

13.0 

109. 2 

J  00. 7 

+ 

298.1 

398.8 

Total,  6  hours 

27, 984 

25.5 

291.5 

40.6 

332.1 

306.6 

+ 

757.1  '1.063. 7 

7  p.  m.  to  9  p.  m... 

8,551 

.849 

7. 3 

90. 4 

12.2 

102.6 

95.3 

+ 

25.9 

121. 2 

9  p.  m.  to  11  p.  m.. 

10, 105 

.849 

8.6 

94.6 

13.1 

107.7 

99.1 

7.5 

91.6 

11  p.  m.  to  1a.m.. 

10, 105 

.849 

8.6 

97.6 

14.8 

112.4 

103.8 

12.4 

91.4 

Total,  6  hours 

28,  761 

24.5 

282.6 

40.1 

322.7 

298.2 

+  6.0 

304. 2 

1  a.  m.  to  3  a.  ni . . . 

10, 105 

.731 

7.4 

99.6 

12.4 

112.0 

104.6 

19.2 

85.4 

3  a.  m.  to  5  a.  m  . . . 

9,328 

.731 

6.8 

91.9 

13.3 

105.2 

98.4 

15.0 

83.4 

5  a.  m.  to  7  a.  m  . . . 

10, 105 

.731 

7.4 

92.4 

12.1 

104.5 

97.1 

14.8 

82.3 

Total,  6  hours 

29,538 

21.6 

283.9 

37.8 

321.7 

300.1 

49.0 

251.1 

Total,  1  day.. 

115, 044 

96.0 

1, 145. 7 

162.8 

1, 308. 51,  212. 5 

4-1.416.5 

2,  629. 0 

17-18  

7  a.  m.  to  9  a.  m  . . . 

10, 105 

.800 

8.1 

94.1 

14.2 

108.3 

100.2 

+ 

91.4 

191.6 

9  a.  m.  to  11  a.  m  .. 

9,328 

.800 

7.5 

98.8 

13.1 

111.9 

104.4 

+ 

276.3 

380.7 

11  a.  m.  to  1  p.  m  . . 

9, 328 

.800 

7.5 

97.3 

14.7 

112.0 

104.5 

+ 

273.7 

378.2 

Total,  6  hours 

28, 761 

23.1 

290.2 

42.0 

332.2 

309.1 

+ 

641.4 

950.5 

1  p.  m.  to  3  p.  m . . . 

10, 105 

.879 

8.9 

100.0 

14.2 

114.2 

105.3 

+ 

144.3 

249.6 

3  p.  m.  to  5  p.  m... 

9,328 

.879 

8.2 

98.5 

14.9 

113.4 

105.2 

+ 

319.8 

425.0 

5  p.  m.  to  7  p.  m... 

10, 105 

.879 

8.9 

105.3 

15.5 

120.8 

111.9 

+ 

256.4 

368.3 

Total,  6  hours 

29,  538 

26.0 

303.8 

44.6 

348.4 

322.4 

+ 

720.5 

1, 042.  9 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Date. 


Period. 


(a) 


^  o 

3  '£ 


Water  in  in-  Water  in  outgoing 
coming  air.  |  air. 


(6) 


(c)  (d) 


(e) 


(/) 


(flO 


43  o 

o 
EH 


(A) 


1901. 
17-18. 


18-19  


-20.... 


Experiment  No.  38— 
Continued. 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m... 
11  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day. . 

7  a.  m.  to  9  a.  ru  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7a.m... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  39. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

1  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 


Liters. 
9, 328 
10, 105 
10, 105 


Mgs. 

0. 839 
.839 
.839 


Gms.  Gms. 

7. 8  94. 5 

8. 5  95. 8 

8. 5  99. 1 

24. 8|  289.4 


Gms. 
13.9 
12.7 
13.1 


Gms. 
108. 
108. 
112. 


Gms. 
100. 
100. 
103. 


Gms. 
6  +  16. 

r  L 

7-  21. 


Gms. 
117.3 


82.6 


.660 
.660 
.660 


30, 315 


20.1 


118. 152 


94.0  1,  171.5 


9, 328  . 718 
10, 105  . 718 
10, 105    . 718 


29.  53s 


9,328 
10, 105 
10, 105 


101. ! 
93.; 

92.; 


304. 


107. 
100. 


1-  26. 
9-  27. 
4  -  24. 


288.1 


,  4    326. 5    306. 4 


81.1 
73.0 
73.5 


7ns  227.6 


164.  7  1, 336.  2 1, 242. 2  +1, 277. 3  2, 519.  5 


87.8 
108.5 

5 


102 


12.2 
13.4 
16.3 


21.3  298.8 


41. 


29,53s 


10, 105    . 680 
10, 105    . 680 
9,328  . 


29,  53s 


20.1 


10, 883,  .  632 
10, 105'  .  632 
10,105!  . 


31, 093 


119,707  . 


84.1 


470, 278 


9, 328    . 632      5. 9 
10,105'    .632  6.4 
9,328    .6321  5.9 


28,  761 


18.  2 


10,105    .636!  6.4 
10, 105    . 636      6. 4 
9, 328    . 636      5. 9 


29, 538   j  18. 


12.5 
16.2 
15.  5 


307. 3  44.2 


100.6 


14.4 
13.1 
12.8 


100. 
121. 
118. 


103. 
125. 
121. 


351. ! 


+  104. 
6  +  278. 
+  243. 


319. 4  +    627. 1    946. 5 


96. 
117. 
114. 


328.5 


107. 
105. 
105. 


Oj  100. 
3  98. 
2  98. 


40.  3    317.  5    297. 4 


13.4  114. 
13. 3  103. 


0  107. 
0  96. 


198.2 
393.4 
354.9 


+  150. 


1  246.8 
1    415. 9 


+  218. 


+  667.1 


121.6 
90.2 
75.2 


10. 4    287. 0 


28. 


279.3    38.9    318.2  298.5 


1, 162. 6  165.  31, 327.  9  1, 243.  8  +1, 199.  9  2, 443.  7 


5,  78. 6 
1  66.5 
3  69.5 


83.  9    214.  6 


367.  2  4,  600.  9  665. 1  5,  266.  0  4,  898. 8  +5, 000.  0  9, 898. 8 


86.9 
71.6 

239.  6 


84.5 


11.8 

11.5 


.2  87 
.  7     92.  3 
.  1     77. 2 


3  + 


35.4 


76.1  11.0 


275. 0;  256.8 


95.8  89.4 
92. 5  86. 1 
87.1  81.2 


2.2 
26.8 
24.2 


89.5 
65.5 
53.0 


48. 


3.0 


-  21.7  67.7 

-  31.1  55.0 

-  25. 6      55. 6 


240.3    35.1    275.4  256.' 


1A\  178.3 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


1901. 
Jan.  19-20. 


Feb.  25-26. 


Period. 


(a) 


Liters. 
9,  328 
9, 328 
10, 105 


28, 761 


Experiment  No.  39 — 
Continued. 

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m... 
11  p.  m.  to  la.  m... 

Total,  6  hours 

1  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day.. 

Preliminary  to  ex- 
periment No.  W. 


7  p.  m.  to  9  p.  ni   10,105 

9  p.  rn.  to  11  p.  m... 

11  p.  m  tola,  m  

Total,  6  hours 


10, 105 
10, 105 
10, 105 


),  315 


Water  in  in- 
coming air. 


(b)  (c) 


0. 662 
.662 
.662 


.626 
.626 
.626 


9,328 
10, 105 


29,  53* 


I  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  rn  

5  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  i  day  . 

Experiment  No.  k0. 

7  a.  m.  to  9  a.  m  

9  a.m.  to  11  a.  m... 

II  a.  m.  to  1p.m... 

Total,  6  hours 

I  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  

5  p.  m.  to  7  p.  m  

Total,  6  hours 

7  p.  m.  to  9  p.  m  

9  p.  m.  to  11  p.  m... 

II  p.  m.  to  1  a.  m. . . 

Total,  6  hours 

1  a.m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  

5  a.  m.  to  7  a.  m  

Total,  6  hours 

Total,  1  day.. 


10, 105 
10, 105 
10, 105 


30,315 


59, 853 


10, 105 
9, 328 
10,105 


2D,  fvl.S 


9, 328 
9.328 
10, 105 


2s,  Tin 


.625 
.625 
.625 


.711 
.711 
.711 


10, 105 
10, 105 
10, 105 


30, 315 


10, 105 
10, 105 
10, 883 


31,093 


119, 707 


Gms 
6.2 
6.2 
6.7 


19.1 


74.9 


6.  3 


18.4 


Water  in  outgoing 
air. 


(d) 


Gms. 
68.4 
78.0 
78.1 


224.5 


80.8 
75.1 
74.2 


934.  5 


75.6 
72.0 
79.0 


226.  6 


78.9 


23S.1 


4|  464.7 


21.0 


104.3 


284.  6 


96.6 
99.7 
104.6 


21. 6    300.  9 


.624 
.624 
.624 


6.5 
6. 5 
6. 5 


91.5 


19.5!  274.3 


6.3j 
6.3 
6.8 


96.2 


93.0 


19.41  278.9 


81.51,138. 


(e) 


< 


Gms 
11. 
11. 
13.5 


13.0 
13.1 
12.3 


38.  4 


(/) 


Gms. 


89.3 
91.6 


261.2 


93.8 
88.2 


(9) 


o  c 


Gms. 
74.1 
83.1 
84.9 


242. 1 


87.5 
81.9 
80.2 


249.  6 


(h) 


Gms 
20.9 
14.0 

■  10.1 


45.  0 


145.  6 


16.1 
12.7 
13.6 


42.4 


1,080.11,005.2  -  182.9 


91.7 
84.7 
92.6 


269.  0 


13.31 
13.4 
12.5 


81.6 


13.4 
13.8 
16.7 


13.0 
15.3 
15.0 


43.  3 


15.1 
14.1 
14.4 


43.6 


13.7 
14 

14.3 


42.9 


94.7 
91.2 
91.4 


277.  3 


85.4 
78.9 

86, 


3  + 


250. 6 


88.7 
85.2 
85.4 


259.  3 


546. 3|    509. ! 


97.6 
109.9 
121.0 


328. 5 


90.4 
103.3 
113.8 


109.6 
115.0 
119.6 


344. 2 


102.  6 
108.0 
112.0 


322.  6 


106. 6 
104. 0 
107. 3 


100.1 
97.5 
100 


317 


298.  4 


109.9 
104.6 
107. 3! 


103.6 


100.5 


321. 8|    302. 4 


173.71,312.41,230.9 


5.  9 


(0 


03  g 

—  .H 
ft 


Gms. 
53.2 
69.1 
74.8 


197.1 


84.3 
75.6 
79.0 


238.9 
822.  3 


84.6 
77.0 
91.5 

253. 1 


86.2 
83.3 


253.4 
506. 5 


+  180. 
+  439. 
+  427. 


5  +1,046.91,354.4 


+  269. 
+  464. 
+  309. 


+1,032.61,365.2 


270.5 
543.0 
540.9 


371.9 
572. 0 
421.3 


109.1 
101.7 
92.0 


302. 


86.8 
83.7 
85.8 


256. 


+2,047.8,3,278.7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


a  o 
.2  2 


Experiment  No.  hO — 
Continued. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  nr.. 
11  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

lp.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  nr.. 
11  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.m... 

Total,  6  hours 

Total,  1  day . . 

7  a,  m.  to  9  a.  m  ...i 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m  ... 
5  p.  in.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 


Liters. 
9, 328 
10, 105 
9, 328 


2S,  7(51 


Water  in  in- 
coming air. 


(6)  (c) 


0. 706 
.706 
.706 


9,328 
10, 105 
9,328 


28, 761 


10, 105 
10,105 
10, 105 


30,315 


10, 883 
10, 105 
10, 105 


31,093 


118,930 


9,328 
9,328 
9, 328 


27, 981 


10, 105 


28,761 


10, 105 
10, 105 
10, 105 


30,  315 


10, 105 
10,105 
10, 105 


),  315 


.789 


.782 
.782 
.782 


Gms. 
6.6 
7.1 
6.6 


Water  in  outgoing 
air. 


(d) 


o  0> 


-  n 

-  V 


2  fO"  <D 


Gms. 

92.1 
102.7 

94.1 


=  ~  t 


Gms 
13.0 
15.2 
15.7 


20. 3    288.  9    43.  9 


89.4 
106.3 
107.4 


6.8 
6.8 
6. 8 


13.7 
17.4 
15.1 


46.2 


15.4 
14.6 
13.9 


20.4  277.3 


43. 


6.4 
6.4 


92.1 
86.9 
85.6 


19.7i  264.6 


2  l,  133. 9 


19.5 


.652 
.652 
.652 


117, 375 


10, 105 
9,328 
8, 551 


27,  984 


,802 
.802 
.802 


22.  5 


19.8 


22.5 


84.2 
97.3 
95.5 


277. 0 


100.1 
97.6 
101.6 


299.3 


96.9 
88.8 
91.4 


277. 1 


94.8 
86.5 
85.4 


81.91,120.1 


87.4 
95.9 


273.6 


15.2 
14.2 
13.1 


42.5 


12.4 
13.0 
14.5 


13.8 
14.2 
13.9 


(/) 


Gms 
105.1 
117. 
109.8 


(<7) 


ft 


103.  2 


312.5 


103.1 
123.7 
122.5 


95.7 
115.7 
115.1 


109.7 
103.8 
107.7 


321. 2 


102.9 
97.0 

100, 


107. 3 
101.1 
89.7 


100. 4 
94.7 
92.3 


307.1 


176.51,310.41,227.2 


96.6 
110.3 
110.0 


316.' 


41. 


15.5 
13.9 
13. 


113.9 
111.8 
115.5 


341. 2 


112.4 
102.  7 
105.1 


43.11  320.2 


13.4 
14.4 
13.5 


108.2 
100.9 


41.3  308.0 


2S7.  4 


(h) 


t  2 
£  2 


Gms.  Gms, 

,  5  +    128. 0 
110.8+  405. 
+  374.1 


G  n 


Gms. 
226.5 
516.4 
477.3 


907.71,220.2 


+    220. 9    316. 6 


+ 


351.1  466.2 


3i    326.5  +1,021.31,347.8 


20.3 


19.2 


29.7 
27.8 
30.3 


87.8 


90.1 
103.8 


103.5  +  361.2 


297.4 


106.0 
104.5 
108.2 


318.7 


105.7 
96.0 
98.4 


HDD.  1 


101.6 
94.3 
92.3 


288.2 


166.21,286.31,204.4 


14.8 
15.0 
14.2 


44.0 


102.2 
110.9 
104.5 


317.6 


94.1 
103.4 
97.6 


295. 1 


+1, 


.4  3,087.6 


158.! 
442.1 


+  962.31,259.7 


+  214.6 
+  417. 0 
+  317.0 


+    948.  6  1, 267. 3 


1.5 
12.7 
18.7 


4.5 


-  23-0 

-  25.2 

-  20.5 

-  86. 


96.1 
143.3 
80.6 


320.0 


70.7 
66.9 
62.0 


199.6 


248.9 
546.1 
464.7 


320.6 
521.5 
425.2 


107.2 
108.7 
79.7 


295. 


78.6 
69.1 
71.8 

219.5 


+1,837.7  3,042.1 


144.' 
406. 


238.7 
520.3 
491.7 


955.  6  1, 250. 7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


•-d  a) 

c3*5 


Water  in  in 
coming  air. 


(6) 


(c) 


Water  in  outgoing 
air. 


(«) 

(/) 

+ 

a  g 

5  S  £ 

Tot 

07) 

0 


03  O 

O 

H 


(A) 


31 


(*) 


■SB 


Experiment  No.  k0— 
Continued. 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  hi. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 


Liters. 
9, 328 
9,  328 
9,328 


Mgs 
0. 839 


839 


Gms. 
90.7 
98.6 

106.3 


Gms 
13.4 
15.1 
15.1 


G7HS. 

104. 
113. 
121. 


Gms. 
96.3 
105. 9 
113. 6 


Gms. 
•  180. 

443. 

370. 


Gms. 
276.9 
549.0 
484.4 


27,  984 


23.4 


295.  6 


43.  6 


339.  2 


315. 8  4-    994. 5  1, 310. 


10, 
9, 328 
10, 105 


92.5 
87.8 
94.5 


30,316 


22.  5 


274.  8 


10, 105 
10, 105 
10, 105 


7.3 


94.5 
92.7 
91.3 


30, 315 


21.9 


278.  5 


16.0 
13.3 
14.4 


108. 
101. 


100.4 
94.2 
101.4 


29i ;.  (i 


13.2 
13.7 
13.2 


107. 
106. 
104. 


100.4 
99.1 
97.2 


40.1 


31.S.C 


296.  7 


116,599 


90.31,122.5  171.4 


1,293.9  1,203.6 


472,611 


336. 9  4, 515. 2 


10, 105 
9,  328 
8,551 


92.9 
98.1 
90.5 


27,  9S4 


2S1.5 


10, 105 
9, 328 
10, 105 


100.4 
101.7 
107.2 


29, 538 


24.9 


9, 328 
10, 105 
10, 105 


94.1 
92.3 
100.0 


687.  8  5,  203. 0  4, 866. 1 


14.2 
15.0 
13.7 


107.1 
113.1 
104.2 


98.4 
105.1 
96.9 


42.  9 


324.  4 


300.4 


14. 

14.8 

15.0 


115.0 
116.  5 
122.2 


106. 5  + 
108.6 
113. 


44.4 


353.  7 


328.  H 


14.8 
14.8 
14.5 


108.9 
107.1 
114.5 


101.9 
99.5 
106 


107.7 
106.4 
79.8 


2.1 


29:;. 


73.9 
71.3 
68.1 


213.3 


+  1,864.6  3,068.2 


+  7,610.5  12,476.6 


160 

462.4 

363.3 


259.3 
567.5 
460.2 


9N6.  6  1 ,  287.  0 


225. 1 
469.7 
346.5 


331.6 
578.3 
460.2 


+  1,041.31,370.1 


29,  53S 


22.  2 


2S6. 


44.1 


330. 5 


<.3 


10, 105 
10, 105 
10, 105 


94.0 
96.0 


30,315 


20.1 


13.8 
13.8 
12.8 


108.7 
107.8 
108.8 


102.0 
101.1 
102.1 


40.4 


:>25.:i 


117,375 


91. 2  1, 162. 1  171.  8  1,  333.  9  1,  242 


10, 105 

.  9,328 
10, 105 


7.5 
6.9 
7.5 


94.4 
98.8 
107. 3 


14.0 
14.5 
15.6 


108.4 
113.3 
122.9 


29,53s 


21.9    300.5  44.1 


344.6 


100  9 
106.4 
115.4 


322.  7 


27.9 
18.7 
16.0 


129.8 
118.2 
90.9 


30.6 


23.3 
21.3 
22.8 


78.7 
79.8 
79.3 


67. 4    237. 8 


+  1,991.1(3,233.8 


154.9 
422.3 
382.3 


+  959.51,282.2 


255.8 
528.7 
497.7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Ventilation  (number  of  ^. 
liters  of  air) . 

Water  in  in- 
coming- air. 

Water  in  outgoing 
air. 

Total  excess  water  in  -r- 
outgoing  air,/- &  S 

Correction  for  water  re-  ^ 
maining  in  chamber.  5 

Total  water  of  respira-  ^ 
tion  and  perspiration,  3 

g+h. 

(b) 

3 
u 

(c) 

X 
<3 

c3 
O 

(d) 

S3  <U 
o  g 

G<d 

Zi  w 

all 

Amount  not  con- 
densed in  freez-  2 
ers. 

(/) 

+ 
o 

Liters. 
9,328 
9,  328 
10, 105 

Mgs. 

0. 758 
.  758 
.758 

Gms. 

7.1 

7. 1 

7.  7 


Gms. 
94.0 
103. 1 
108.6 

Gms. 
13.0 
14.6 
15.4 

Gms. 
107.0 
117.  7 
124.  0 

Gms. 
.  99.9 
110.6 
116.3 

Gms. 
+    202. 0 
+    438. 6 
+    352. 4 

Gms. 
301.9 
549.2 
468.7 

28,  761 

21.9 

305.  7 

43.0 

348.7 

326.8 

+  993.0 

1,319.8 

9,328 
10, 105 
9,328 

.  720 
.  720 
.720 

6.7 
7. 3 
6.7 

93.6 
89. 1 
92.5 

12.8 
13.5 
13. 6 

106.4 
102. 6 
106.1 

99.7 
95.3 
99.4 

+  21.8 
+  10.4 
-  20.9 

121.5 
105.  7 
78.5 

28,  761 

20.7 

275. 2 

39.9 

315. 1 

294.4 

+  11.3 

305.7 

10, 105 
10, 105 
9,328 

.721 
.721 
.721 

7.3 
7.3 
6.7 

91.7 
91.3 
92.8 

14.1 
14.7 
12.7 

105.8 
106.0 
105.5 

98.5 
98.7 
98.8 

-  20. 2 

-  26.9 

-  22.2 

78.3 
71.8 
76.6 

29, 538 

21.3 

275. 8 

41.5 

317.3  296.0 

-  69.3 

226.  7 

116,598  

85. 8|l,  157. 2 

168.51,325.71,239.9 

+1,894.5 

3, 134. 4 

10, 105 

9, 32S 
9,328 

.858 
.858 
.858 

8.7 
8.0 
8.0 

91.5 
101.1 
97.4 

15. 2 
15.0 
15.8 

106.7 
116.1 
113. 2 

98.0 
108.1 
105.2 

4-    330. 3 
+  480.7 
+    385. 5 

428.  3 
588. 8 
490.7 

28,  761 

24.7 

290.  0 

46.  0    336.  0 

311.3 

+1,196.5 

1,507.8 

9,328 
9,  328 
10, 105 

.805 
.805 
.805 

7.5 
7.5 
8.1 

92.9 
98.1 
110.5 

13.6 
14.6 
16.1 

106.5 
112.  7 
126.6 

99.0 
105.2 
118.5 

+  188.5 
+  423.0 
+    341. 7 

287.5 
528.2 
460.2 

1,  275. 9 

28,  761 

23.1 

301.5 

44.3 

345. 8 

322.  7 

+    953. 2 

10, 105 
10, 105 
9,328 

.741 
.741 
.741 

7. 5 
7.5 
6.9 

89.3 
94.1 
92.6 

15.2 
13.0 
12.4 

104.5 
107.1 
105.0 

97.0 
99.6 
98.1 

+  23.3 
+  24.1 
-  19.0 

120. 3 
123.7 
79.1 

29, 538 

21.9 

276. 0 

40.6 

316.6 

294.7 

+  28.4 

323. 1 

10, 105 
10, 105 
10, 105 

.738 
.738 
.738 

7.  5 
7.  5 
7.5 

101.0 
90.0 
95.3 

13.5  114.5 
14.4  104.4 

13.  1  108.4 

1 

107.0 
96.9 
100.9 

-  24.3 

-  24.3 

-  22.7 

82.7 
72.6 
78.2 

30,  315 

22.5 

286.3 

41.  oj   327.3  304.8 

-  71.3 

233.5 

117,  375 

92.2 

1, 153.  8 

171.91,325.7 

1,  233.  5 

+2, 106.  8  3, 340. 3 

9,328 
9,328 
9,328 

.  955     8.  9 
.  955     8. 9 
.955  8.9 

86. 9    12.  7 
106.6  14.7 
106.5  16.0 

99.6 
121.3 
122.  5 

90.7 
112. 4 
113.6 

+    231. 8 
+  534.6 
+  530.7 

322. 5 
647.0 
644.3 

27, 984 

  26. 7 

300.  0    43.  4 

343.4 

316.7 

+1,297.1 

1,613.8 

9,328 
8,551 
10, 105 

.769 
.769 
.769 

7.2 
6.6 
7.8 

100. 1    13.  3 
92. 1    12. 8 
107.5  14.3 

113.4 
104.9 
121.8 

106.2 
98.3 
114.0 

+    228. 7 
+    445. 2 
+    296. 2 

334.9 
543.5 
410.2 

1, 288. 6 

27, 984 

21.6 

299.  7    40. 4 

340.1 

318.5 

+  970.1 

Period. 


Experiment  No.  UI — 
Continued. 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . .. 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total.  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


n 


Water  in  in- 
coming air. 


(b) 


(e) 


Water  in  outgoing 
air. 


id) 


O  C  J 
a  03  g 


(e)  (/) 


(flO 


(h) 


O  be 


•(0 


.ft  o 


ci  0  + 


Experiment  No.Ul — 
Continued. 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m.. 
11  p.  m  to  1  a.  m. . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to.  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days 

Experiment  No.  U%. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  G  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to 5  p.  m  ... 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  rn  . . . 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

Experiment,  No.  US. 

7  a.  rn.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  in.  to  7  p.  m  ... 

Total,  6  hours 


Liters 
9,328 
10, 105 
10, 883 


Mgs. 
0. 683 


Gms. 
6.4 
6.9 
7.4 


Gins. 
97.1 
93.6 
96.6 


Gms. 
13.6 
13.2 
14 


Gms. 
110.7 
106. 8 
111.4 


Gms 
104. 
99.9 
104.0 


3  + 


Gms. 
30.1 
11.9 
20.5 


Gms. 
134.4 
111.8 
83.5 


30,  316 


20.  7 


287.  3 


41.6 


328.  9    30.S.  2 


21.5 


329.7 


10, 105 
9,328 
10, 105 


29,  538 


.690 
.690 
.690 


95.5 
97.8 
96.8 


13.1 
12.8 
13.4 


108.6 
110.6 
110.2 


20.4 


■I'M.  1 


329. 


101.6 
104.2 
103.2 


0  -     64. 7 


115,822  . 


).  4  1, 177. 1 1  164.  7  1 , 341. 8  1, 252. 4 


467, 170 


358. 6  4, 650. 21  676. 9  5, 327. 1  4, 968. 5  +8, 216. 4  13,184.9 


10, 105 
8, 551 
9, 328| 


27,  984 


6, 
11, 660 
10, 105 


28,  761 


10, 105 
10, 105 
10, 105 


30, 315 
10, 105 


::;.s 


9, 3281  . 771 
10, 105  . 771 
9, 328    . 771 


28,  761 


9, 328 
10, 105 


28, 761 


19.1 


19.3 


19.5 

~6T3 
5.8 
6.3 


18.4 


76.  3 


22.2 


86.5 
66.8 
78.6 


231. 

^7fh3 
80.4 
80.6 


77.3 
77.4 
72.1 


226.  8 

71.1 
69.4 
72.2 


212.7 


907.7 


78.7 
96.9 
93.3 


268.  9 


13.2 
10.2 
12.2 


>.<; 


10.2 
13.6 
12.4 


i.2 


13.1 
12.9 
13.4 


39.4 

T2T3 
12.1 
12.3 


36.  7 


18.8 
18.1 
17.5 


54.4 


7. 2  94. 6  15. 2 
7. 2  102. 1  17. 1 
107. 5    17. 1 


22.2    304.2  49.4 


77.0 
90. 8 


92.8 
71.2 
84.4 


267.5  248.4 


85.5 
94.0 
93.0 


272.  5 


85.5 


266.2 

~83~4 
81.5 
84.5 


249.  4 


147.91,055.6 


97.5 
115.0 
110.8 


323.3 


109.8 
119.2 
124.6 


353.  6 


80.8 
86.2 
86.2 


253.  2 
~83T9 


79.0 

246.  7 

77.1 
75.7 
78.2 


231.0 


979.3 


90.3 
107.2 
103.6 


301.1 


102.6 
112.0 
116.8 


17.3 
22.3 
25.1 


84.3 
81.9 
78.1 


244. 


+2,224.0  3. 476.4 


8. 4  84. 4 
7.7  63.5 
7.  5     76. 9 


23. 6 1  224. 8 

22. 2t  58.6 

20.  0,  66. 2 

17.1  69.1 


,  31    193. 9 


9.9 
10.1 
8.0 


74.0 
73.7 
71.0 


28. 0|  218.7 

66.0 
68.1 
70.2 


11.1 
7.6 
8.0 


-  26.7 


137.  6 


179.8 
I-  436. 6 
+  384.0 


204. ; 


270.1 
543.8 
487.6 


+  1,000.41, 


331. 


331.  6 
547.  9 
394.1 


434.2 
659.9 
510.9 


+1,273.61,605.0 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(9) 

(h) 

(i) 

Date. 

Period. 

Ventilation  (number  oi 
liters  ot  air). 

\c) 

X 
o 

\a) 
'  ft 

-f 

c  s  „• 
-  -  L 

Stl  o 

(  p\ 

0  g 

£  CO 

1  §  i 

U) 
+ 

0 

Total    excess  water  in 
outgoing  air,/— c. 

0 

-  - 

5  £p 

Total  water  of  respira- 
tion and  perspiration, 
g+h. 

1901. 

Experiment  No.  IS — 
Continued. 

Liters. 

Mgs. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Mar.  29-30  

7  p.  m.  to  9  p.  m  ... 

10, 105 

0.  731 

7.4 

93.1 

16.7 

109.8 

102.4 

4-  23.6 

126.0 

9  p.  m.  toll  p.  m  .. 

10, 105 

7  4 

87.  3 

O 

1(V)  1 

94.7 

+  25.8 

120. 5 

11  p.  m.  to  1  a.  m  . . 

9,323 

.731 

6.8 

87.7 

14.9 

102.6 

95.8 

—  10.5 

85.3 

Total,  6  hours 

29, 538 

21.6 

268.1 

46. 4 

314. 5 

292.9 

+     38. 9 

331.8 

1  a.  m.  to  3  a.  m  . . . 

10, 105 

.605 

6.1 

92.0 

14.3 

106.3 

100.2 

-  5-9 

94.3 

3  a.  in .  to  5  a.  in  ... 

10, 105 

.605 

6.1 

89.6 

10. 0 

iih.  y 

98.8 

-  111 

87.7 

5  a.  in.  to  7  a.  m  ... 

10, 105 

.605 

6.1 

85.7 

14.4 

100.1 

94.0 

-  11.5 

82.5 

Total,  6  hours 

18.3 

267.3 

44.0 

311.  3 

293.  0 

-  2S.5 

264.5 

Total,  1  day  . 

117, 375 

  84. 3 1, 108.  5 

194.2 

1,  302.  7 

1,218.4 

4-2,284.4  3,502.8 

30-31  

7  a.  m.  to  9  a.  ru  . . . 

9, 328 

.794 

7.  4 

84  5 

15.1 

'  99.6 

92. 2  +    194. 9 

287.1 

9  a.  m.  to  11  a.  m  .. 

10, 105 

.794 

8.  0 

106.  7 

16.  2 

122.  S 

114.9 

4-  511.0 

625. 9 

11  a.  m.  to  1  p.  m . . 

9,328 

.794 

7.4 

99.0 

15. 7 

114. 7 

107.3 

+  421.2 

528.5 

Total,  6  hours 

28,  761 

22.8 

290.2 

47.0 

337.2 

314. 44-1. 127.1 

1,441.5 

1  p.  m.  to  3  p.  m . . . 

9, 328 

.722 

6.7 

95.0 

14.1 

109.1 

102.4 

4-    235. 5 

337.9 

3  p.  m.  to  5  p.  m... 

9,328 

.722 

6.7 

93.6 

16. 0 

109. 6 

102.9 

+    393. 2 

496.1 

5  p.  m.  to  7  p.  m... 

10, 105 

.722 

7.3 

102.2 

15. 8 

118. 0 

110.7 

+  205.3 

316.0 

Total,  6  hours 

28,  761 

20.7 

290.8 

45.9 

336.7 

316.  0  4-    834.01.150  n 



7  p.  m.  to  9  p.  m... 

10, 105 

.  782 

7.9 

98.1 

15.1 

113.2 

105.  3 

4-     17. 3 

122.6 

9  p.  m.  to  11  p.  m.. 

10, 105 

'.782 

7.9 

92.6 

14.  3 

106.  9 

99.0'+  33.0 

132.0 

11  p.  m.  to  1  a.  m  .. 

10. 105 

.782 

7.9 

93.0 

14.3 

107.3 

99.4 

-  13.2 

86.2 

Total,  6  hours 

30, 315 

23.7 

283.7 

43.7 

327.4 

303.7 

4-  37.1 

340.8 

1  a.  m.  to  3  a.  m  ... 

10, 105 

.632 

6.4 

92Ti 

14.1 

106.5 

100.1 

-     15. 3 

84.8 

3  a.  m.  to  5  a.  m  ... 

10, 105 

.632 

6.4 

89.6 

15.0 

104.6 

98.2 

-  15.1 

83.1 

5  a.  in.  to  /  a.  m  ... 

10,883 

.632 

6.9 

97.3 

15.4 

112.7 

105.8 

-  9.6 

96.2 

Total,  6  hours 

31, 093 

19.7 

279.3 

44.5 

323.8 

304.1 

-  40.0 

264.1 

Total,  1  day  . 

118,930 

86.9 

1, 144.  0 

181.1  1.325.1  1.238.2 

4-1.958.2  3.196.4 

31-Apr.l. 

7  a.  m.  to  9  a.  m  . . . 

9,328 

7.2 

90.7 

15.2 

105.  9 

98.7 

4-    216. 7 

315. 4 

9  a.  m.  to  11  a.  m  .. 

9, 328 

3 

7. 2 

93.0 

13.8 

106.8 

99.6 

4-  390.3 

489.9 

11  a.  m.  to  1  p.  m  .. 

9,328 

.770 

7.2 

91.5 

14.1 

105.  6 

98.4 

4-    297. 1 

395.  5 

Total.  6  hours 

27, 984   

21.6 

275. 2 

43.1 

318.3 

296.7 

4-  904.1 

1,200.8 

1  p.  m.  to  3  p.  m . . . 

9, 328 

.789 

7.4 

96.8 

12.4 

109.2 

101.8 

4-    292. 7 

~  394.  5 

3  p.  m.  to  5  p.  m . . . 

8,551 

.789 

6.7 

90.9 

13.1 

104.0 

97.8 

4-  493.4 

590.7 

5  p.  m.  to  7  p.  m. . . 

9,328 

.789 

7.4 

100.2 

13.7 

113.9 

106. 5 

4-  263.7 

370.2 

-Loiai,  o  nours 

27, 207 

21.5 

287.9 

39.2 

327. 1 

305.6 

4-1.049.81.355.4 

7  p.  m.  to  9  p.  m . . . 

10. 105 

.719 

7.3 

89.7 

14.8 

104.5 

97.2 

4-  28.3 

125.5 

9  p.  m.  to  11  p.  m... 

9,328 

.719 

6.7 

85.4 

12.5 

97.9 

91.2 

4-     25. 1 

116.3 

11  p.  m.  to  1  a.  m  .. 

10, 105 

.719 

7.3 

89.5 

14.3 

103.8 

96.5 

-  17.1 

79.4 

Total,  6  hours 

29, 538 

21.3 

264.6 

41.6 

306.2 

284.9 

+  36.3 

321.  2 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


2r3 


Water  in  in- 
coming air. 


(&) 


(c) 


Water  in  outgoing 
air. 


(d)      (e)  (/) 


(flO 


(h) 


o 


(<) 


£  o 
ft-£ 

ft 


Experiment  No.  U3 — 
Continued. 

I  a.  m.  to  3a.m... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m ... 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  rn  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

Total,  4  days. 

Experiment  No.  hk. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.m.. 

II  a.  m.  to  1  p.  m 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m .. . 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.m.  tola.  m.. 

Total,  6  hours 


Liters. 
10, 105 
10, 105 
10, 105 


Mgs. 

0.  719 
.719 
.719 


30,  315 


115,  044 


9, 328 
7,774 
9,328 


26, 430 


8,551 
9,328 


27.  20' 


9, 328 
10, 105 
10, 105 


29, 53* 


10, 105 
10, 105 
9,328 


2D.53S 


112,713 


464, 062 


10, 105 
9, 328 
9,328 

28,  761 


8, 551 
9,328 


27,  207 


9,328 
9, 328 
9,328 


Gms. 
7.3 
7.3 


Gms. 


Gms. 
13.8 
14.8 
13.8 


Gms. 
107. 
106. 
104. 


Gms. 

100.5 
98.7 
96.8 


Gms. 

-  21. 

-  20. 

-  24. 


Gms. 
79.0 
77.8 
71.9 


275. 


296.0;-  67.3 


228.7 


,5    42.4  311 
.  3  1, 103. 2  166. 3  1, 269. 5 1, 183. 2[  +1, 922. 9!3, 106. 1 


90. 


257. 2 


14.2 
11.4 
14.7 


100. 
91. 
105. 


40. 3    297. 5 


92.2. 
84.9 
97. 2 


+  171. 

+  445. 
+  289. 


274.3  +  906.91,181.2 


27,! 


81. 6    12. 0 

95, 
95. 


21.6 


271.  6 


268. 


24.5  271.1 


91. 51, 068. 8 


349.0  4,424.5 


8.  9j  84. 2 
8. 2|  91. 1 
8.2  91.0 


25.3 


266.  3 


8.3 


3  92. 0 
89.5 
101.0 


24. 


8.3 


2S2.  5 


92.1 


14.5 
14.1 


40.6 


13.6 
13.7 
15.2 


42.5 


14.7 
15. 6 
12.8 


93. 
109. 
109. 


312.  2 


ys.  y 


108.  8 


110. 
103. 
99. 


43. 1    314. 2 


86.8 
102. 1 
101.7 


290.  6 


91.9 
96.1 
101.2 


2sy.  •_> 


102. 5 
95.1 
92.1 


2sy. 


166.51.235.31,143.8 


.  1  5, 132.  6  4,  783.  6 


15. 61  99. 
14.4  105. 
15. 5'  106. 


45.5 


13.4 
13.7 
15.5 


42.6 


14.7 
13.1 
13.6 


41.4 


311. 


90.9 
97.3 
98.3 


286.  5 


105. 
103. 
116. 


97.1 
95.5 
108.2 


325.1    300.8  +1,123.6 


107. 
102. 
105. 


99.2 
94.3 
96.9 


315.  3    2V)0. 4 


+  225. 
+  366. 
+  342. 


+    934. 5  1, 225. 1 


-  35.6 


+1,842.5  2 


+8,008.0  12,791.6 


+  165. 9 
+  367. 6 
+  341.1 


{-    874. 6  1, 161. 1 


+  208.9 
+  432.7 
+    482. 0 


18.6 
35.1 


264.1 
530.4 
386.7 


312.4 
468.6 
444.1 


115.7 
117.2 
93.0 


325.  9 


92.2 
81.6 
80.3 

254. 1 


256.8 
464.9 
439.4 


306.0 
528. 2 
590.2 


117.8 
129.4 
89.2 


5.4 
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Table  120. — Record  of  vjater  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


3~ 


Water  in  in-  Water  in  outgoing 
coming  air.  air. 


(6) 


(c) 


(d) 


°  t 

0<M 


(«) 


g  S  £ 
=  -  a 
-1 


(/) 


ft 

a;  s3 


3  O 


(A) 


(i) 


3.2+ 


Experiment  No.  Uk — 
Continued. 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m 

II  a.  m.  to  1  p.  m 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 


Liters. 
9, 328 
10, 105 
9,328 


Mgs. 

0. 844 
.844 
.844 


Gms. 
7.< 


Gms. 
94.: 

88.: 


Gms. 
12.9 
14.6 
13.0 


Gms. 
107. 
102. 
102. 


Gms. 
99.  \ 
94.S 
94  J 


Gms. 

-  12. 

-  12. 

-  12. 


Gms. 
8G.4 
82.3 
82.5 


28, 761 


24.3    272.2    40.5  312.7 


288. 4  -     37. 2    251.  2 


112, 713 


.  8  1, 094. 9;  170. 0 1, 264.  9  1, 166. 1  +2, 007. 0  3, 173. 1 


85. 


25,  653 

8, 551 
8,551 
10. 105 


12.71 
13.1 
14.4 


1+  152. 


2+  366. 
3!+  342. 


1  237. 2 
1  456. 3 
0    431. 3 


24. 3  248. 

"872 
8.2 


40.2 


9    264.6  +  860.21,124.8 


12.3 
14.  6 
16.3 


90. 


104. 
122. 


4+  223. 
0  +  464. 
o!+  366. 


0  313.4 
5  560. 5 
7    479. 7 


27,207    26.1    282. 3j   43.2!    325.5  299.4+1,0.54.21,353.6 


9,328 
10, 1051 
10, 105 


954! 
954 
954' 


90. 
84. 

9. 5]  85. 


104. 


13.8 
13. 9  98. 
15.6  101. 


29,  538 


27.' 


m.  to  3  a.  m  ... 
m.  to  5  a.  m  . . . 
m.  to  7  a.  m  ...I 


9, 328 
10, 105 
10, 882 


768; 

,768 
768 


261.2 


43.: 


12.7 
15.1 
14.5 


Total,  6  hours    30, 315  |    23. 4|    266. 81    42. 3 

Total,  1  day..  112,713  .. 


95. 
89. 
91.9 


6  + 


1+  11. 
L  18. 


4  156. 0 
9  101. 0 
8  73.1 


304.5    276.6  +     53.5  330.1 


103. 
106. 


3  -  18. 
0-  19. 
4-  21. 


73.1 
76.1 
77.1 


59.4    226. 3 


101.  7  1,  059.  0  169. 0  1. 228.  0  1. 126.  3  +1,  908. 5  3, 034. 8 


/  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 
11  a.  m.  to  1  p.  m  .. 

Total,  6  hours! 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hoursj 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m... 
5  a.  m.  to  7  a.  m  . . . 


8,551 
9, 328] 
10, 1051 


927 
,927 
927 


8. 0  79. 
8. 7  90. 
914  101. 


12. 8|  91. 
13.9'  104. 
16.4  118. 


95 


9+  156. 
6'+  387. 
8+  338. 


3  240. 2 
9  483. 5 
3    447. 1 


27, 984 


26. 1 


71.3    43.  li    314.4    288.3  + 


.51.170.8 


9, 328; 
9, 328 
10, 105 


,978 
.978 
,978! 


9.1 
9.1 


13. 4  107. 
16. 0  113. 
16.4  117. 


4  98 
0  103 
4  107 


3  +  252. 
9+  .508. 
5  +  334. 


4  350. 7 
6  612. 5 
8    442. 3 


28, 761 


9,328 
10, 105 
10, 105 


28.11    292.0    45.8  337.8 


+1,095.81,405.5 


.797 
.797 
.797' 


7.4 
8.1 
8.1 


29,538   ;    23.6  265.1 


13. 5 
13.6 
14.9 


104. 
101. 
101. 


.  4  +  35. 
.1+  13. 
0-  21. 


132.9 
106.1 
71.3 


42.0    307.11   283.5  +     26.8  310.3 


10, 105 
10, 105; 
10, 105 


13.4  100. 
14.4  96. 
13. 2  100. 


Total,  6  hours  30,315... 
Total,  1  day. .  I  116, 598|  i  104. 5 1, 084. 


41. 0    297. 5    270. 8 


71.4 
67.9 
71.8 


211.1 


171.  91, 256. 8  1, 152. 3  +1, 945. 4  3, 097.  7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(9) 

(h) 

I3  eff  iod. 

Ventilation  (number  oi 
liters  oi"  air). 

(&) 

u 

cp 

CP 

w 

(c) 

X 

£ 
o 
H 

(d) 
o  1> 

°  A 

*z 

H  CP 
~  CO 

2S  '* 

ej  aj  *h 
p^d  cp 

(e) 

8  g 
1 S 

^-d 

H  co 

c  S  » 

a-d  cp 

+ 

o 
H 

Total  excess  water  in 
outgoing  air,  f—c. 

Correction  for  water  re- 
maining in  chamber. 

Total  water  of  respira- 
tion and  perspiration, 
g+h. 

Experiment  No.  hh— 
Continued. 

Liters. 

Mgs. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

7  a.  m.  to  9  a.  m  . . . 

9,328 

0. 966 

9.0 

83.4 

14.4 

97.8 

88.8 

+  194.8 

283.6 

9  a.  m.  to  11  a.  m  . . 

9, 328 

.966 

9.0 

97.8 

14.4 

112.2 

103.2 

+  469.4 

572.6 

11  a.  m ,  to  1  p.  m  . . 

9,328 

.966 

9.0 

95.9 

15.7 

111.6 

102.6 

+  429.1 

531.7 

i  otai,  o  nours 

27, 984 

27. 0 

277. 1 

44. 5 

321 . 6 

294.6 

+1,093.3 

1, 387. 9 

1  p.  m.  to  3  p.  m  . . . 

10, 105 

.952 

9.6 

108.7 

13.  7 

122.4 

112. 8 

+    272. 0 

384.8 

3  p.  m.  to  5  p.  m  . . . 

9  328 

.952 

8.9 

98.5 

15.1 

113.6 

104. 7 

+   495. 1 

599. 8 

5  p.  m.  to  /  j>.  m  -  -  . 

9, 328 

.952 

8.9 

105.2 

14.6 

119.  8 

110.9 

+    458. 5 

569.4 

Total,  6  hours 

28,  761 

27. 4 

312. 4 

43. 4 

355. 8 

328.4 

+1, 225. 6 

1, 554. 0 

7p.  m.  to  9  p.  m... 

10, 105 

.  938 

9.5 

94.8 

14.6 

109.4 

99.9 

+  35.6 

135.5 

9  p.  m.  to  11  p.  m  . . 

9, 328 

.938 

8.8 

90.5 

12.6 

103.1 

94.3 

+     35. 6 

129. 9 

11  p.  m.  to  1  a.  m . . 

10, 105 

.938 

9.5 

93.4 

13.9 

107.3 

97.8 

-  6.1 

91.7 

x  o  i hi,  o  iiourk 

29, 538 

27.8 

278.  / 

41. 1 

319.8 

292.0 

+  65.1 

357.1 

1  a.  in.  to  3  a.  m  . . . 

10, 105 

.747 

7.6 

97.6 

14.2 

111.8 

104.2 

-  11.6 

92.6 

3  a.  m.  to  5  a.  m  . . . 

10  105 

.747 

7.6 

93.6 

15.1 

108.7 

101. 1 

—      8. 9 

92.2 

5  a.  m.  to  7  a.  m  ... 

10, 883 

.747 

8.1 

96.9 

14.6 

111.5 

103.4 

—  11.9 

91.5 

Total,  6  hours 

31, 093 

23.3 

288.1 

43.9 

332.0 

308. 7 

—  32.4 

276.3 

Total,  1  day. . 

117, 376 

105. 5 

1,156.3 

172. 9 

1,329.2 

1,223.7 

+2,351.6 

3,575.3 

1  OUA1,   ±  VUiyS 

459, 400 

410.5 

4,395.1 

683.8 

5, 078.  9 

4,668.4 

+8,212.5 

12,880.9 

J^xj)fv iiiiciif  JSo.  h5. 

7  a.  m.  to  9  a.  m  ... 

9, 328 

.  969 

9.0 

88.4 

13.5 

101.9 

92.9 

+    160. 7 

253. 6 

9  a.  m.  to  11  a.  in 

9, 328 

.969 

9.0 

97.8 

13.7 

111.5 

102.5 

+    437. 8 

540.3 

11  a.  in.  to  1  p.  m . . 

10, 105 

.969 

9.8 

104.8 

16.0 

120.8 

111.0 

+    413. 9 

524.9 

J.  U  Let  J  y  U  llUUlo 

28, 761 

27. 8 

—  

291. 0 

43. 2 

334. 2 

306.4 

+1,012.4 

1, 318. 8 

1  p.  m.  to  3  p.  m  . . . 

9, 328 

1.006 

9.4 

97.7 

12.3 

110.0 

100.6 

+    230. 7 

331.3 

3  p.  m.  to  6  p.  m  ... 

9, 328 

1. 006 

9.4 

101.8 

14.3 

116.1 

106.7 

+    435. 4 

542.1 

5  p.  m.  to  7  p.  rn. ... 

10, 105 

1.006 

10.2 

101.0 

14.6 

115.6 

105.4 

+    289. 7 

395.1 

i  oiai,  o  iioui.s 

28, 761 

29. 0 



300.  5 

41.  2 

341.  7 

312.7 

+    955. 8 

1, 268. 5 

7  p.  m.  to  9  p.  m... 

9, 328 

.915 

8.8 

94.4 

12.2 

106.6 

97.8 

+  31.1 

128.9 

9  p.  m.  to  11  p.  m  .. 

10,105 

.915 

9.5 

94.  1 

12.7 

107. 1 

97.6 

+  19.5 

117.1 

11  p.  m.  to  1  a.  m  . . 

9,328 

.  915 

8.8 

89.  6 

12.9 

102.5 

93.7 

-     15. 7 

78.0 

j.  oiai,  o  nours 

28, 761 

27.1 

278.4 

37.8 

316.2 

289.1 

+  34.9 

324.0 

1  a.  rn.  to  3  a.  m  

10, 105 

.763 

7.7 

91.9 

13.4 

105.3 

97.6 

-  6.6 

91.0 

3  a.  m.  to  5  a.  m  . . . 

10, 105 

.763 

7.  7 

88.3 

14.4 

102.7 

95.0 

-  15.8 

79.2 

5  a.  m.  to  7  a.  m  . . . 

10, 105 

.763 

7.7 

89.1 

12.9 

102.  0 

94.3 

-  15.1 

79.2 

Total,  6  hours 

30,  315 

23.1 

269.3 

40.7 

310.0 

286.9 

-  37.5 

249.4 

Total,  1  day.. 

116, 598 

107.0 

1,139.2 

162.9 

1,302.1 

1, 195. 1 

+  1,965.6 

3, 160. 7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(a) 

(h) 

Date. 

Period. 

Ventilation  (number  oi 
liters  of  air). 

(&) 

u 

0) 

u 

<s> 
Ph 

(c) 

X 

o3 
O 
EH 

(d) 
a  § 

< 

Amount  not  con- 
densed  in  freez-  ^ 
ers. 

(/) 
+ 

O 
EH 

Total  excess  water  in 
outgoing  air,/—  c. 

Correction  for  water  re- 
maining in  chamber. 

Total  water  of  respira- 
tion and  perspiration, 
g+h. 

1901. 

Evjj^viiftfNt  ATo.  AO 

Liters. 

Mgs. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

May  3-4  

7  a.  m.  to  9  a.  m  

9, 328 

0. 895 

8. 3 

100. 0 

22.3 

122. 3 

114.0 

+  274.9 

388.9 

9  a.  m.  to  11  a.  m  .. 

9, 328 

.895 

8.3 

113.6 

20.2 

133.8 

125.5 

+  568.1 

693.6 

11  a.  m.  to  1  p.  m 

8,551 

.895 

7.6 

108.8 

18.7 

127.5 

119.9 

+    470. 2 

590.1 

Total  6  hours 

27,  207 

24  2 

322. 4 

61.2 

383. 6 

359.4 

+1,313.2 

1, 672. 6 

1  p.  m.  to  3  p.  m  . .. 

9,328 

.  850 

7. 9 

116. 7 

16.8 

133. 5 

125.6 

+  296.5 

422.1 

3  p.  m.  to  5  p.  m  . . . 

8,551 

.8,50 

7.3 

108.3 

16.3 

124.6 

117.3 

+  532.7 

650.0 

5  p.  m.  to  7  p.  m 

9, 328 

.850 

7.9 

120.9 

17.2 

138.1 

130.2 

+    495. 3 

625.5 

Total,  6  hours 

27, 207 

Zo.  1 

345. 9 

50.3 

396. 2 

373.1 

+1,  324.  5 

1, 697. 6 

7  p.  m.  to  9  p.  m . . . 

9,328 

.  850 

7. 9 

113. 6 

17.1 

130.  7 

122.8 

+  41.0 

163.8 

9  p.  in.  to  11  p,  m . . 

9,328 

.850 

7.9 

109.1 

15.2 

124.3 

116.4 

+  31.6 

148.0 

11  p.  m.  to  1  a.  m  . . 

10, 105 

.  850 

8.6 

117.7 

17.0 

134.7 

126.1 

-  4.6 

121.5 

Total,  6  hours 

28, 761 

24.4 

340.4 

49.3 

389. 7 

365.3 

+  68.0 

433.3 

1  a.  m.  to  3  a.  m 

9, 328 

711 

6.6 

109.2 

14.4 

123  6 

117.0 

6.5 

110.5 

3  a.  m.  to  5  a.  m  

9,328 

.711 

6.6 

111.1 

15.0 

126.1 

119.5 

-  13.0 

106.5 

5  a.  m.  to  7  a.  m  . . . 

9,328 

.  711 

6.6 

109.2 

13.5 

122.7 

116.1 

-  10.1 

106.0 

Total,  6  hours 

27, 984 

19.8 

329.5 

42.9 

372. 4 

352.6 

-  29.6 

323.0 

Total,  lday.. 

111,  159 

91 .  5 1 . 338.  2 

203.  7 

1  541.  9 

1, 450. 4 

+2,676.1 

4, 126.  5 

4-5  

7  a.  m.  to  9  a.  m  

9, 328 
8,551 

.  844 

7.9 

105.3 

13.9 

119. 2 

111.3 

+    239. 8 

351.1 

9  a.  rn.  to  11  a.  m 

.844 

7.2 

108.8 

13.3 

122.1 

114.9 

+  485.8 

600.7 

11  a.  m.  to  1  p.  m  . . 

9, 328 

.844 

7.9 

118.0 

16.6 

134.6 

126.7 

+  456.7 

583.4 

Total,  6  hours 

27, 207 

23.0 

332.1 

43. 8 

375. 9 

352.9 

+1,182.3 

1,535.2 

1  p.  m.  to  3  p.  m  

8,551 

.  964 

8.2 

107.5 

13.2 

120.  7 

112.5 

+    305. 8 

418.3 

3  p.  m.  to  5  p.  m  

9, 328 

.964 

9.0 

117.5 

16.4 

133.9 

124.9 

+    491. 6 

616.5 

5  p.  m.  to  7  p.  m  . . . 

8, 551 

.964 

8.2 

115.1 

15.0 

130.1 

121.9 

+  382.3 

504.2 

Total,  6  hours 

26, 430 

25.4 

340.1 

44.6 

384.  7 

359.3 

+1,179.7 

1, 539. 0 

7  p.  m.  to  9  p.  m  

9, 328 

.856 

8.0 

114.6 

15.4 

130. 0 

122.0  +  29.8 

151.8 

9  p.  m.  to  11  p.  m  . . 

9,  328 

.856 

8.0 

111.7 

14.3 

126.0 

118.0 

+  20.0 

138.0 

11  p.  m.  to  1  a.  m  . . 

9,328 

.  856 

8.0 

115.6 

14.5 

130.1 

122.1 

4.6 

117.5 

Total,  6  hours 

27, 984 

24.0 

341.9 

44.2 

386.1 

362.1 

+  45.2 

407.  3 

1  a.  m.  to  3  a.  m  . . . 

9, 328 

.663 

6.2 

119.2 

13.5 

132.7 

126. 5 

-  8.8 

117.7 

3  a.  m.  to  5  a.  m  . . . 

9, 328 

.663 

6.2 

118.0 

14.1 

132.1 

125. 9 

-  11.9 

114.0 

5  a.  m.  to  7  a.  rn  . . . 

9, 328 

.663 

6.2 

109.9 

12.5 

122.4 

116.2 

-  12.6 

103.6 

Total,  6  hours 

27, 984 

18.6 

347.1 

40.1 

387.2 

368.6 

-  33.3 

335.3 

Total,  1  day . . 

109, 605 

91.0 

1, 361. 2 

172.7 

1, 533. 9 

1, 442. 9 

+2.  373.  913.816.  8 

6000— No.  136—03  19 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(9)  - 

(h) 

Period. 

tilation  (number  oJ 
liters  of  air). 

(c) 

X 

(d) 
g| 

£ 

°  ?  «3 

(e) 
o  S> 

iS 

3C  • 

< 

+ 

il  excess  water  in 
mtgoing  air,/—  c. 

■ection  for  water  re- 
lining  in  chamber. 

Total  water  of  respira- 
tion and  perspiration, 
g+h. 

Ven 

Per 

Tot* 

< 

Totf 

Totj 

o  a 
o 

ijjij)cri})iC7)t  No*  J*6 — 
Continued. 

Liters. 

Mgs. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

7  a.  m.  to  9a.  m  ... 

9,328 

0.800 

7.5 

103. 2 

14.1 

117.3 

109.8 

+    249. 1 

358.9 

9  a.  m.  to  11  a.  m  . . 

9, 328 

.800 

7.5 

120.6 

14.3 

134. 9 

127.4 

+    489. 9 

617.3 

11  a.  m.  to  1  p.  m  . . 

8,551 

.800 

6.8 

109.4 

14.4 

123.8 

117.0 

+  447.4 

564.4 

Total,  6  hours 

27,  207 

21.8 

333.2 

42.8 

376.0 

354.2 

+  1,186.4 

1, 540. 6 

1  p.  m.  to  3  p.  m  . . . 

9, 328 

.  905 

8. 4 

116.5 

14.0 

130.  5 

122. 1 

+    266. 8 

388.  9 

3  p.  m.  to  5  p.  m  . . . 

8,551 

.905 

7.7 

112.3 

14.6 

126.9 

119.2 

+    516. 5 

635.7 

5  p.  m.  to  7  p.  m  . . . 

9,328 

.905 

8.4 

124.3 

15.4 

139.7 

131.3 

+  365.8 

497.1 

Total,  6  hours 

27, 207 

24.5 

353.1 

44.0 

397.1 

372.6 

+1,149.1 

1,521.7 

7  p.  m.  to  9  p.  m  

9, 328 

.  788 

7. 4 

109.7 

14.9 

124. 6 

117. 2 

+  30.3 

147. 5 

9  p.  m.  to  11  p.  m  .. 

9,328 

.788 

7.4 

102.5 

13.0 

115. 5 

108.1 

+  19.2 

127.3 

11  p.  m.  to  1  a.  m 

9,328 

.  788 

7.4 

110. 3 

13.9 

124.2 

116. 8 

-  2.3 

114.5 

Total,  6  hours 

27,984 

22.2 

322.5 

41.8 

364.3 

342. 1 

+  47.2 

389.3 

1  a.  m.  to  3  a.  m  . . . 

9, 328 

.  765 

7. 1 

116.8 

13.3 

130. 1 

123. 0 

-  10.4 

112. 6 

3  a.  m.  to  5  a.  m  . .. 

9,  328 

.765 

7.1 

105. 8 

14.8 

120.6 

113.5 

-  14.7 

5  a.  m.  to  7a.m... 

9, 328 

.  765 

7.1 

103.0 

12.  3 

115.3 

108.2 

-  15.6 

92.6 

Total,  6  hours 

27, 984 

21.3 

325.6 

40.4 

366.0 

344.7 

-  40.7 

304.0 

Total,  1  day  . 

110, 382 

89. 8 

1, 334. 4 

169.0 

1,503.4 

1, 413. 6 

+2, 342. 0 

3,  755. 6 

7  a.  m.  to  9  a.  m  . . . 

9, 328 

.903 

8.4 

103.7 

13.5 

117.2 

108.8 

+    193. 0 

301.8 

9  a.  m.  to  11  a.  m  .. 

8, 551 

.903 

7.  7 

110.0 

13.2 

123. 2 

115. 5 

+  460.1 

575.6 

11  a.  m.  to  1  p.  m  .. 

9,328 

.  903 

8.4 

118.2 

16.5 

134.7 

126.3 

+  416.1 

542.4 

Total,  6 hours. 

27, 207 

24.5 

331.9 

43.2 

375.1 

350.6 

+1,069.2 

1,419.8 

1  p.  m.  to  3  p.  m  . . . 

9, 328 

.886 

8.3 

116.7 

15.0 

131.7 

123.4 

+    250. 8 

374.2 

3  p.  m.  to  5  p.  m ... 

8,551 

.886 

7.6 

113.  5 

15.0 

128.5 

120.9 

+   491. 8 

612.7 

5  p.  m.  to  7  p.  m  ... 

8,551 

.886 

7.6 

115.7 

14.3 

130.0 

122.4 

+    350. 7 

473.1 

Total,  6  hours 

26, 430 

23.5 

345.9 

44.3 

390.2 

366.7 

+1,093.3 

1, 460. 0 

7  p.  m.  to  9  p.  m  

9,328 

.791 

7.4 

108.7 

14.6 

123.3 

115. 9 

+  35.6 

151.5 

9  p.  m.  to  11  p.  m  .. 

9,328 

.791 

7.4 

103.6 

13.1 

116.7 

109.3 

+  13.4 

122.7 

11  p.  m.  tola.  m.. 

9,328 

.791 

7.4 

113.3 

14.  7 

128.0 

120.6 

4.3 

116.3 

Total,  6  hours 

27, 984 

22.2 

325.  6 

42. 4 

368.0 

345.8 

+  44.7 

390.5 

1  a.  m.  to  3  a.  m  . . . 

9, 328 

.676 

6.3 

113.8 

13.0 

126.8 

120.5 

-  12.9 

107.6 

3  a.  m.  to  5  a.  m ... 

9,  328 

.676 

6.3 

105.8 

14.1 

119.9 

113.6 

-  10.3 

103.3 

5  a.  m.  to  7  a.  m  . . . 

9,328 

.676 

6.3 

104.0 

12.6 

116.6 

110.3 

-  10.6 

99.7 

Total,  6  hours 

27, 984 

18.9 

323.6 

39.7 

363.3 

344.4 

-  33.8 

310. 6 

Total,  1  day  . 

109,  605 

89.1 

1,327.0 

169.6 

1, 496. 6 

1,407.5 

+2, 173. 4 

3,580.9 

Total,  4  days. 

440,  751 

361.4 

3, 360. 8 

715.0 

6, 075. 8 

5, 714. 4 

+9, 565. 4 

15,279.8 
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Period. 


(a) 


—'  o 


Water  in  in- 
coming air. 


(&) 


Water  in  outgoing 
air. 


(d) 


o  £ 


^  03 

0^3  a; 
<! 


0) 

d  32 

d  c  . 

£  2  £ 
B'd  <b 


(/) 


Or) 
d 

ft 


o  be 


(A) 


S3 


(0 


n  ft 

*d 

£=s  . 

rH  d< 

o3  O  + 


Experiment  No.  U. 

7  a.  ra.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 
11  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  ra  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3a.m... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day. . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p,  m.  to  9  p.  m  .. 
9  p.  m.  to  11  p.  m  . 

II  p.  m.  to  1  a.  m . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . 
3  a.  m.  to  5  a.  m  . . 
5  a.  m.  to  7  a.  m  . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m . .. 
9  a.  m.  to  11  a.  m . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 


Liters 
9,328 
9,328 
8, 551 


Mgs. 
0.808 


Gms 
7.5 
7.5 
6.9 


Gms. 
99.2 
121.1 
113.5 


Gms 
14.3 
14.6 
15.0 


Gms. 
113. 5 
135.7 
128.5 


Gms 
106. 
128.2 
121.6 


0  + 


Gms. 
207. 
h  519. 
4-  482. 


Gms. 
313.5 
647.2 
603.9 


27,207 


21.9 


43. 


355.  s 


+1,208.81,564.6 


9, 328 
8,551 


114.5 
121.5 
112.2 


14.9 
17.3 
15.0 


129.4 
138.8 
127.2 


120.9 
130.3 
119.5 


4-  279. 
+  500. 
+  392. 


27,207 


348.2  47.2 


395.  1 


370.7 


4-1,172.21,542 


9,328 
9,328 
8,551 


1.050 
1.050 
1.  050 


9.8 


103.1 
8  101. 6 
0    109. 6 


27,207 


28.6  314.3 


15.3 
13.6 
13.0 


118.4 
115. 2 
122.6 


108.6 
105.4 
113.6 


4-  23. 
+  14. 
4-  1. 


41. 


356.  2 


327.  (i 


9,  328 
9,328 
9,328 


20.4 


109,605 


95.  6  1, 314. 8 


8, 551 
9,  328 
8,  551 


26,430 


25.9 


9,328 
8,551 
9, 328 


27, 207 


25.4 


8, 551 
9,328 
9,328 


.853 
,853 
.853 


27,207 


23.1 


9,32* 


10, 105 


109,005 


112.  9 
106.7 


318.  5 


98.8 
123.0 
112.2 


334.0 


116.7 
111.1 
118.0 


345. 8 


109.0 
110.0 
114.8 


107.6 
106.5 
86.9 


301.0 


.  9  1, 314.  6 


8,  551 
9, 328 
9,328 


27,  207 


99.1 
113.5 
123.7 


13.6 
14.3 
13.1 


126.5 
121. 0 
112.0 


119.7 
114.2 
105.2 


9. 
9. 

-  10. 


41.0 


>.5 


1.1 


174. 0  1, 488.  8  1,  393. 2  +2, 390. 1  3, 783. 3 


13.3 
15.7 
16.1 


112.1 

138.7 
128.3 


103.7 
129.6 
119.9 


45.1 


379.1 


204. 
528. 
470. 


353. 2  +1, 203. 


15.9 
16.3 
16.9 


132.6 
127. 4 
134.9 


123.9  4-  269. 
119.4+  471. 
126.2  +  390. 


49.1 


394.9 


14.4 
15.0 
16.3 


123.4 
125. 0 
131.1 


45.  7 


370.  5 


14.5 
16.2 
15.5 

46.2 


186. 1 1, 500. ' 


14.7 
16.9 
18.8 


50.4 


122.1 
122.7 
102.4 


347.2 


369.5  +1,130.31,499.8 


116.1  + 


29. 


117. 1  +  26. 

123. 2  -  12. 


350.  4 


114.8 
115.4 
94.5 


324.7 


113.8 
130.4 
142.5 


106.3 
122.0 
134.1 


>.4 


400.2 
631.1 
511.6 


131. 7 
119.9 
114.7 


110.6 
104.3 
94.6 


).5 


308.5 
657.7 
590.7 


393.0 
590.5 
516.3 


145. 8 
4  143. 5 
6|    110. 6 


61.6 


1,403.8  +  2,315.9  3,719.7 


+  219. 
+  552. 
+  465. 


+1,238.11,600.5 


95.5 
94.5 
73.1 


263.1 


326.2 
674.8 
599.5 
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veriod 


Experiment  No.U7 — 
Continued. 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . .. 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1a.m.. 

Total,  6  hours 

I  a.  m.  to  3a.m... 
3  a.  m.  to  5a.  m... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m. .. 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m  to  9  p.  m... 
9  p.  m.  to  11  p.  m . . 

II  p.m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.m... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  U8. 

7  a.  m.  to  9  a.  m . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 


(a) 


is 


Liters. 
8, 551 
9, 328 
9,328 


27,207 


8,551 
9,328 
9, 328 


27,  207 


Water  in  in 
coming  air. 


(b)  (c) 


Mgs. 

0.920 
.920 
.920 


1.038 
1.038 
1. 


9, 328 
10, 105 


110, 382 


9, 328 
9,328 
8, 551 


27,  207 


9,328 
8, 551 
9, 328 


27, 207 


9, 328 
9,328 
9,328 


27,  984 


9, 328 
9, 328 
10,  W 


28,  761 


111,  159 


440, 751 


8,551 
8, 551 
9,328 


2i'»,i:-:o 


.934 
.934 
.934 


1. 125 
1. 125 
1.12 


1.000 
1.000 
1.000 


.837 
.837 
.837 


1. 
1.03? 
1. 


28.  3 


Water  in  outgoing 
air. 


(d)      (e)  (/) 


S-fl 
2  S  t 

2^  a 
< 


~  03 


Gms. 
116.7 
120.2 
118.6 


355.5 


109.2 
110.0 
113.3 


332.  5 


114.9 
108.4 


26. 8    322. 1 


104. 5 1, 346. 4 


10.5 
9.6 
10.5 


9.6 
27.2 


103.8 
121. 1 
110.0 


334. 


119.0 
114.2 
125.5 


35S.  7 


109.6 
110.5 
115.7 


335. 


118.4 
109.7 
105.4 


333.5 


109. 4  1. 362. 9 


406. 4  5, 338. 7 


113.5 
123. 


Gms. 
15.0 
18.9 
17.6 


51.5 


17.0 

18, 
16.5 


52.4 


16.5 
19.3 
15.5 


51. 


Gms. 
131. 
139. 
136. 


407.0 


126. 
128. 
129. 


384.  9 


131. 
127. 
114. 


17.6 
18.5 
18.9 


121. 
139. 
128. 


55.  0    389.  9 


18.0  137. 
19. 3|  133. 
20. 2  145. 


57.5 


19.1 
17.9 
18.5 


55.5 


17.0 
18.5 
16.4 


51.9 


15.4 
16.3 
20.6 


52.3 


416.2 


128. 
128. 
134. 


135. 
128. 
121. 


219.91,582.8  1,473.4 
785.6  6, 124. 3  5, 717. 9 


114.1 
129.8 
143.9 


387.8 


<y  .a 
x  o 

0)  5jD 


Gms. 
123. 
130. 
127. 


(h) 


S  to 
.2  a 


'  Gms. 
+  261. 
+  451. 
6  +  367. 


381.9  +1,080.51,462.4 


117. 
119. 
120. 


L22. 
118. 
105. 


(i) 


Gms. 
385.5 
582.3 
494.6 


153.5 
150. 5 
114.4 


61. 8    418. 4 


-  24. 

-  15. 

-  16. 


98.4 
102.4 


56. 5    290. 1 


205. 61, 552. 0  1 , 447. 5  +2, 323.  9  3,  771. 4 


112. 
130. 
120. 


363.1 


126. 
123. 
135. 


385.6  +1,273.91,659.5 


119. 
119. 
124. 


363. 4 


127. 
120. 
113. 


105.3 
121.0 
134.3 


360.6 


239. 
548. 
479. 


352. 1 
679.1 
599.7 


+1,267.81,630.9 


270. 
556. 
447. 


5  397.0 
4  680. 3 
0  582.2 


+  28. 
+  34. 
-  9. 


52.  3 


+2, 550. 6 


+9, 580.  5  15,298.4 


+  203.2 
+  491. 8 
+  435.4 


+1,130.4 


147.5 
153.2 
115.0 


415. 7 


113.6 
107.1 
97.2 


317.  9 


4,024.0 


308.5 
612.8 
569.7 
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(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(<7) 

(h) 

(i) 

3er  of 

(6) 

(c) 

(d) 

(e) 

(/) 

a 

U  M 

;spira- 
•ation, 

Date, 

Period. 

Ventilation  (numl 
liters  of  air) . 

Per  liter. 

Total,  ox b. 

Amount  con- 
densed in  freez- 
ers. 

Amount  not  con- 
densed in  freez- 
ers. 

Total,  d+e. 

Total  excess  wa1 
outgoing  air,  /- 

Correction  for  wa 
maining  in  charr 

Total  water  of  rt 
tion  and  perspii 
g+h. 

1901. 
May  11-12  .. 

Experiment  No.  &8 — 
Continued. 

1  p.  m.  to  3  p.  m... 

Liters. 
8, 551 

Mgs. 
1.045 

Gms. 
8.9 

Gms. 
105.8 

Gms. 
16.4 

Gms. 
122.2 

Gms. 
113.3 

Gms. 
+    261. 9 

Gms. 
375.2 

3  p.  m.  to  5  p.  m  . . . 

8,551 

1.045 

8.9 

115.2 

19.5 

134.7 

125.8 

+    508. 0 

633.8 

5  p.  m.  to  7  p.  m  

9, 328 

1. 045 

9.  8 

123. 3 

19. 5 

142. 8 

133. 0 

-+-    340. 5 

473. 5 

Total,  6  hours 

26, 430 

27.  6 

344. 3 

55.  4 

399. 7 

372. 1 

+1, 110. 4 

1 , 482. 5 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m.. 
11  p.  m.  to  1  a.  m . . 

9,328 
9, 328 
9, 328 

.984 
.984 
.  984 

9.2 
9.2 
9.  2 

114.9 
112.7 
118. 4 

19.3 
17.1 
18. 2 

134.2 
129.8 
136. 6 

125. 0 
120. 6 
127. 4 

+  36.9 
+  54.2 
+        •  9 

161.9 
174.8 
128. 3 

Total,  6  hours 

27, 984 

27.  6 

346. 0 

54. 6 

400.  6 

373. 0 

+     92. 0 

465. 0 

1  a.  m.  to  3a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

9, 328 
10, 105 
9,  328 

.781 
.781 
.  781 

7.3 
7.9 

/.  6 

123.8 
121.9 
108.  0 

16.8 
19.3 
16. 1 

140.6 
141.2 
124. 1 

133.3 
133.3 
116. 8 

5.1 
6.4 

128. 2 
126.9 
106. 9 

Total,  6  hours 

28, 761 

ZZ.  0 

353.  7 

52.  2 

405. 9 

383. 4 

—     21. 4 

362. 0 

Total,  1  day.. 

109, 605 

104.9 

1,  379.  5 

214.5 

1,594.0 

1,489.1 

+2,  311.4 

3, 800. 5 

1902. 

Experiment  No.  A9. 

Mar.  27-28 

7  a.  m.  to  9a.m... 

9, 328 

.  706 

6.  6 

84. 4 

15. 3 

99. 7 

93. 1 

+    221. 0 

314. 1 

9  a.  m.  to  11  a.  m  .. 

9, 328 

.706 

6.6 

91.2 

16.0 

107.2 

100.6 

+    368. 7 

469.3 

11  a.  m.  to  1  p.  m.. 

9,328 

.  706 

6.6 

87.3 

17.7 

105.  0 

98.4 

+    326. 3 

424.  7 

Total,  6  hours 

27, 984 

19.8 

262.9 

49.0 

311.9 

292. 1 

+    916. 0 

1,208.1 

1  p.  m.  to  3  p.  rn . . . 

9  328 

.  621 

5.  8 

90. 8 

13  7 

104. 5 

98. 7 

_l_    285. 1 

383.  9 

3  p.  m.  to  5  p.  m . . . 

9,328 

.621 

5.8 

98.5 

14.6 

113.1 

107.3 

+    514. 1 

621.4 

5  p.  m.  to  7  p.  m... 

9,328 

.  621 

5.8 

109.1 

13.7 

122.8 

117.0 

+  467.1 

584.1 

Total,  6  hours 

27, 984 

17.4 

298.4 

42.0 

340.4 

323.0 

+  1,266.3 

1,589.4 

7  p.  rn.  to  9  p.  m... 

10  883 

611 

6  6 

109  6 

17  2 

1^6  8 

120  2 

+     55  5 

175. 7 

9  p.  m.  to  11  p.  m.. 

10, 105 

.611 

6.2 

103.0 

13.1 

116.1 

109.9 

+  19.2 

129.1 

11  p.  m.  to  1  a.  m.. 

9,328 

.  611 

5.7 

95.2 

13.0 

108. 2 

102. 5 

+  6.3 

108.8 

Total,  6hours 

30, 316 

18.5 

307.8 

43.3 

351.1 

332.6 

+  81.0 

413.6 

1  a.  m.  to  3  a.  m  ... 

9, 328 

.554 

5.2 

98.2 

11.0 

109.2 

104.0 

+  1.7 

105. 7 

3  a.  m.  to  5  a.  m ... 

9,338 

.554 

5.2 

89.8 

12.2 

102. 0 

96.9 

+  1.7 

98.6 

5  a.  m.  to  7  a.  m  . . . 

9,328 

.554 

5.2 

90.8 

10.5 

101.3 

96. 1 

+  2.5 

98.6 

Total,  6hours 

27, 984 

15.6 

278.8 

33.7 

312.5 

297.0 

+  5.9 

302.9 

Total,  1  day.. 

114, 268 

71.3 

1,147.9 

168.0 

1, 315. 9 

1, 244. 7 

+2, 269. 2 

3,514.0 

28-29  

7  a.  m.  to  9  a.  m  . . . 

9, 328 

.771 

7.2 

80.5 

13.5 

94.0 

86.9 

+  130.5 

217.3 

9  a.  m.  to  11  a.  m  . . 

9,328 

.771 

7.2 

98.4 

14.1 

112.5 

105.3 

+    407. 6 

512.9 

11  a.  m.  to  1  p.  m . . 

9,  328 

.771 

7.2 

90.8 

16.9 

107.7 

100. 5 

+    324. 9 

425.4 

Total,  6  hours 

27,984 

21.6 

269.7 

44.5 

314.2 

292.7 

4-    863. 0 

1,155.6 

1  p.  m.  to  3  p.  m . . . 

9, 328 

.751 

7.0 

91.2 

12.9 

104.1 

97.1 

+  223.6 

320.7 

3  p.  m.  to  5  p.  m... 

9, 328 

.751 

7.0 

91.1 

15.6 

106.7 

99.7 

+  446.2 

545.9 

5  p.  m.  to  7  p.  m... 

9,328 

.751 

7.0 

98.4 

13.6 

112.0 

105.0 

+  285.1 

390.1 

Total,  6  hours 

27,984 

21.0 

280.7 

42.1 

322.8 

301.8 

+  954.9 

1,256.7 

294 


Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Date. 

Period. 

Ventilation  (number  of  c> 
liters  of  air) . 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

Total  excess  water  in  g- 
outgoing  air,/— c. 

Correction  for  water  re-  c; 
maining  in  chamber. 

Total  water  of  respira-  ^ 
tion  and  perspiration,  3 
g+h. 

(b) 

cy 

0) 
Ah 

(c). 

r© 

X 

,_f 

o 
H 

(d) 

O  4> 

^  a 

< 

(«) 

8  g 
1*3 

3  ?,  j- 

< 

(/) 

+ 

o 
Eh 

1902. 
Mar.  28-29  

29-  30 

30-  31. 

Experiment  No.  U9 — 
Continued. 

7  p.  m.  to  9p.m... 
9  p.  m.  to  11  p.  m.. 
11  p.  m.  to  1  a.  m . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.m... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m.. 

Total,  6  hours 

I  p.  m.  to  3  p.m... 
3  p.  m.  to  5  p.  in  ... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  G  hours 

Total,  1  day.. 

Total,  3  days. 

Experiment  No.  50. 

7  a.  m.  to  9a.m... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

Liters. 
10, 105 
10, 105 
9,328 

Mgs. 

0.  640 
.640 
.640 

Gms. 
6. 5 
6.5 
6.0 

Gms. 
98. 9 
97. 1 

88.7 

Gms. 
16. 8 
12.6 
12.0 

Gms. 
115.  7 
109.7 
100.7 

Gms. 
109.2 
103. 2 
94.7 

Gms. 
+  31.6 
+  21.0 
+  4.0 

Gms. 
140.8 
124.2 
98.7 

29, 538 

19.0 

284.7 

41.4 

326. 1 

307.1 

+     56.  6    363. 7 

9,328 
9,328 
9, 328 

.658 
.658 
.658 

6.1 
6.1 
6.1 

93.6 
88.1 
85.1 

11.2 
12.6 
10.6 

104.8 
100.7 
•95.7 

98.6 
94.5 
89.5 

+  1.3 
-  .9 
+  1.0 

99.9 
93.6 
90.5 

27, 984 

18.3 

266.8 

34.4 

301.2 

282.6 

+  1.4 

284.0 

113, 490 


79.91,101.9 

162. 4 

1,264.3 

1,184.2 

+  1,875.9 

3,060.0 

9,328 
8, 551 
9, 328 

.  772 
.772 
.772 

7.2 
6.6 
7.2 

79.8 
80.7 
85.9 

12.6 
11.6 

15.3 

92.  4 
92.3 
101. 2 

85.2 
85.7 
94.0 

+    147. 9 
+    324. 0 
+    271. 9 

~233. 1 
409.7 
365.9 

1, 008. 7 

27, 207 

21.0 

246.4 

39.5 

285. 9 

264.9 

+  743.8 

8, 551 
8,551 
8, 551 

.  777 
.777 
.  777 

6.6 
6.6 
6.6 

83.6 
88.6 
95.9 

11.  7 
12.7 
11.9 

95. 3 
101.3 
107.8 

88.7 
94.7 
101.2 

+    189. 9 
+    403. 5 
+  395.0 

278. 6 
498.2 
496.2 

1, 273. 0 

25, 653 

19.8 

268.1 

36.3 

304.4 

284.6 

+  988.4 

8,551 
10, 105 
10, 105 

.747 
.  747 
.747 

6.4 
7.6 
7.6 

86.9 
95.5 
92.0 

13.9 
15.6 
16.6 

100.8 
111.1 
108.6 

94.4 
103.5 
101.0 

+  45.3 
+  44.7 
+  20.6 

139.7 
148.2 
121.6 

28, 761 

21.6 

274.4 

93.5 
96.  6 
89.2 

46.1 

320. 5 

298.9 

+    110. 6 

409.5 

116.5 
116.7 
106.7 

9,328 
10,105 
9, 328 

.727 
.  727 
.727 

6.8 
7.3 
6.8 

13.9 
16.9 
12.4 

107.4 
113.5 
101.6 

100.6 
106.2 
94.9 

+     15. 9 
+     10. 6 
+  11.8 

28. 761 

20.9 

279. 3 

43.2 

322.5 

301.7 

+     38. 2 

339. 9 
3, 031. 1 

110, 382 

83.3 

1,068.2 

165. 1 

1,233.3 

1,150.1 

+1,881.0 

338, 140 

234.5 

3, 318. 0 

495. 5 

3, 813. 5 

3,579. 0  +6,026.19, 605.1 

10, 105 
8, 551 
9,328 

.  732 
.732 
.732 

7.4 
6.3 
6.8 

80.1 
92.3 
93.1 

15. 9 
15.8 
17.5 

96. 0 
108.1 
110.6 

88.6+  115.0 
101. 8  +    360. 2 
103.8  +  371.0 

203.  6 
462.0 
474.8 

27,984 

20.5 

265.5 

49.2 

314.7 

294. 2  +    846. 2 

1,140.4 

9, 328 
9,328 
10, 105 

.739 
.739 
.739 

6.9 
6.9 

7.5 

87.7 
87.5 
92.5 

14.7 
15.0 
13.2 

102.4 
102.5 
105.8 

95.5 
95.6 
98.3 

+    191. 5 
+  50.3 
+  49.4 

287.0 
145.9 
147.7 

28, 761 

21.3 

267.7 

42.9 

310.7 

289. 4 

+    291. 2 

580.6 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


(a) 

Water  in  in- 
coming air. 

Water  in  outgoing 
air. 

(9) 

(h) 

(*") 

Date. 

Period. 

Ventilation  (number  of 
liters  of  air). 

(b) 

(c) 

X 

$ 
o 
Eh 

(d) 
at 

O  £ 
" 

oo 

Amount  not  con- 
densed in  freez-  g 
ers. 

(/) 

+ 
Eh 

Total  excess  water  in 
outgoing  air,/— c. 

( lonvction  lor  water  re 
niaining  in  chamber. 

Total  water  of  respira- 
tion and  perspiration, 

9+h. 

1902. 

Experiment  No .  50 — 
Continued . 

Liters. 

Mgs. 

Gins. 

Guns. 

Gms. 

Gms. 

Gms. 

Gms. 

Gms. 

Mar.  30-31  

7  p.  m.  to  9  p.  m  . . . 

10,105  0.677 

6.8 

91.  7 

13.7 

105.4 

98.6 

+ 

10.9 

109.5 

9  p.  m.  to  11  p.m. .. 

9,328 

.677 

6.3 

80.6 

10.9 

91.5 

85.2 

+ 

14.2 

99.4 

11  p.  Tn .  to  1  a.  m  . . 

10, 105 

.677 

6.8 

85.2 

12.9 

98.0 

91.2 

12.4 

78.8 

-L  Olcll,  D  IIOUI.S 

29,538 

19.9 

257.5 

37.5 

294.9 

275.0 

+  12.7 

287.7 

1  a.  in.  to  3  a.  m  ... 

9,328 

.578 

5.4 

87.9 

12.0 

99.9 

94.5 

16.7 

77.8 

3  a.  m.  to  5  a.  m  . . . 

9, 328 

.578 

5.4 

84.7 

13.0 

97.7 

92.3 

16.3 

76.0 

5  a.  m.  to  7  a.  m  ... 

9, 328 

.578 

5.4 

82.0 

11.2 

93.2 

87.8 

18.1 

69.7 

Total,  6  hours 

27, 984 

 '<  16.2 

2o4. 6 

36.2 

290.8 

274.6 

51.1 

223.5 

114, 267 

77.9 

1, 045. 3 

165.  8  1, 211. 1 

1,133.2 

+1,099.0 

2,232.2 

Experiment  .Ao.  51. 

Mar.  31-Apr.  1. 

7  a.  m.  to  9  a.  m  . . . 

9,328 

.  597 

5.6 

77.2 

12.4 

89.6 

84.1  + 

5.9 

90.0 

9  a.  m.  to  11  a.  m  .. 

9, 328 

.597 

5.6 

74.  4 

10.1 

84.5 

79.0  + 

8.7 

87.7 

11  a.  m.  to  1  p.  Tn  . . 

9, 328 

•597 

5.6 

76.6 

11.4 

88.0 

82.4  + 

14.2 

96.6 

±ULal,  0  IIOUI  S 

27,  984 

16.8 

228. 2 

33.9 

262. 1 

28.8 

274.3 

1  p.  m.  to  3  p.  m.  .. 

9, 328 

.580 

5.4 

78.  3 

10.6 

88.9 

83.4 

10.6 

72.8 

3  p.  m.  to  5  p.  m... 

9, 328 

.580 

5.4 

78.7 

10.8 

89.5 

84.1 

5.7 

78.4 

Ft  t  \   "m    td  1  Tk  Tn 

o  \j.  hi.  i\J  i  jj.  in  . . . 

9,328 

.580 

5.4 

81.8 

10.6 

92.4 

87.0 

8.6 

78.4 

i  o  Ldi ,  o  iiours 

27,  984 

16.2 

238. 8 

32.0 

270.8 

254. 5 

24.9 

229.6 

7  p.  m.  to  9  p.  m... 

10, 105 

.600 

6.1 

88.2 

13.8 

102.0 

96.0 

2.7 

9373 

9  p.  m.  to  11  p.  m.. 

9, 328 

.600 

5.6 

78.5 

11.0 

89.6 

84.0  + 

2.3 

86.2 

11    Ti     TT1      tf\  1    a  Tn 
il  p.  111.   lu  1  d.  Ill  .  . 

10, 105 

.600 

6.0 

84.0 

13.3 

97.3 

91.3 

10.3 

81.0 

Total  fihnnrc 

29, 538 

17.7 

250.  7 

38.2 

288.9 

271.3 

10.7 

260.5 

1  f»    Tn    tn  ^  a  m 

J.  ct .  111.   l\J  o  cL.  Ill  ... 

10, 105 

.597 

6.0 

88.3 

11.4 

99.7 

93.6 

3.0 

90.6 

3  a.  m.  to  5  a.  m  

9, 328 

.597 

5.6 

79.9 

10.6 

90.5 

84.9 

1.9 

83.0 

5  a.  m.  to  7  a.  m  

9, 328 

.597 

5.6 

80.3 

10.0 

90.3 

84.7 

4.8 

79.9 

Total  fihnnrc 

28, 761 

17.2 

248.5 

32.0 

280.5 

263.2 

9.7 

253.6 

Total  1  rtnv 

114,267 

67.9 

966.2  136.1 

1, 102.  3  1, 034. 5 

16.51,018.0 

Apr.  1-2  

7  a.  m.  to  9  a.  m  . . . 

9,328 

.595 

5.5 

83.8 

11.8 

95.6 

90.0  + 

12.1 

102.1 

9  a.  m.  to  11  a.  m  . . 

10, 105 

.595 

6.0 

85.4 

11.9 

97.3 

91.3  + 

7.6 

98.9 

11  f\    th    to  1  t\  Tn 

11  <X .  ILL,    vVJ  X   L/.  Ill  . . 

9, 328 

.595 

5.5 

75.2 

12.3 

•  87.5 

81.9 

+ 

.  8.8 

90.7 

Total,  6  hours 

28, 761 

17.0 

244.4 

36.0 

280.4 

263.2 

+ 

28.5 

291.  7 

1  p.  m.  to  3  p.  m... 

8,551 

.593 

5.1 

68.7 

9.7 

77.8 

72.7 

6.4 

66.3 

3  p.  m.  to 5  p.  m  ... 

9,328 

.593 

5.5 

71.8 

11.3 

83.1 

77.6 

6.3 

71.3 

5  p.  m.  to  7  p.  m... 

10, 105 

.593 

6.0 

76.7 

11.6 

88.3 

82.3 

3.2 

79.1 

Total,  6  hours 

27, 984 

16.6 

216.6 

32.6 

249.2 

232.6 

15.9 

216.7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


o 
£  E 
+3  ° 


Water  in  in- 
coming air. 


(6) 


(c) 


Water  in  outgoing 
air. 


(<*)      (e)  (f) 


a 

o  X 

rH   <U  £ 


8| 

la 


(9) 


M  o 
m  bp 


(/') 


Experiment  No.  51— 
Continued. 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 
11  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m 
5  a.  m.  to  7  a.  m 

Total,  6  hours 

Total,  1  day.. 

Total,  2  days. 

Experiment  No.  52 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . 

II  a.  m.  to  1  p.  m  . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  J . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day. . 

7  a.  m.  to  9  a.  m ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

1  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 


Liters. 
10, 105 
9,328 
10, 105 


Mgs.  Gms 
0. 585     5. 9 
.  585     5. 5 
.  585     5. 9 


Gms. 
77.8 
68.2 
75.2 


Gms. 
13.0 
10.5 
12.2 


Gms, 
90.8 
78.7 
87.4 


Gms 
84.9 
73.2 
81.4 


Gms 

-  18.0 

-  12.0 
14 


29, 538 


221.2 


35.7 


2.-)i;.«> 


2::9.:> 


44.3 


Gms. 
66.9 
61.2 
67.1 

195.2 


9,328 
9,328 
10, 105 


.556  5. 
. 556  5. 
,  556  5. 


72.3 
70.0 
76.2 


10.0 

10, 

11.1 


82, 

80.9 

87.3 


77.2  - 
75.7 


28,761 


16.0 


218. 5 


32.0 


250.5 


81.7 
234.  6! 


14.0 

-  15.0 

-  14.0 


63.2 
60.7 
67.7 


3.0 


191. 


115, 044 


900.  7 


136.31,037.0 


969.9  -  74.7 


895.2 


229,311 


.  134. 


272.4  2,139.3  2,004.4 


91.21,913.2 


9,328 
9,328 
9, 328 


27,  984 


9,328 
9, 328 
9,328 


27, 984 


10, 105 
10, 105 
10, 105 


30,  315 


9, 328 
9,328 
9,328 


27,' 


114,267 


9,328 
9, 328 
9, 328 


27, 984 


8, 551 
9, 328 
8,551 


26, 430 


1.327 
1.327 
1.327 


1.708 
1.708 
1.708 


1.589 
1.589 
1.589 


1.287 
1.287 
1.287 


.997 
.997 
.997 


.843 
.843 


48.3 


36.0 


27.9 


7.2 


.  22. 


76.7 
94. 

88.8 


22.0 
22.0 
28.8 


98.7 
116.3 
117.6 


86.3  + 
103. 9  + 
105. 2  + 


259. 


72.  8 


332.6  295.4 


97.7 
94.8 
102. 6 


22.1 
28.4 
28.5 


L19 
123. 2 
131.1 


295. 1 


79.  0 


374.1 


92.4 
97.1 
99.1 


37.4 
25.3 
23.7 


129.8 
122.4 
122 


288.  6 


86.4 


375.0 


21.6 
23.2 
17.4 


110.4 
105. 7 
104.1 


258.  0 


62.2'  320.2 


169.21,101.5 


86.1 
101.9 
105. 0 


5.0 


88.3 
100.1 
100.8 


17. 9, 
17.9 


104.0 
119.8 
124.5 


55.3'  348.3 


15. 5! 
17. 9 
14.5j 


103.8 
118.0 
115.3 


47.  9;    337. 1 


103. 9  + 


107.3 
115.2 


326.  4 


113.7 
106.3 
106.7 


98.4 
92.1 


284.  2 


94.7 
110.5 
115.2  + 


96. 6  4 
110.1 
108.1 


314.8+1 


161.2 
374.5 
406.0 


247.5 
478.4 
511.2 


+  941.71,237.1 


331.9 
596.4 
453. 4 


435.8 
703.7 
568.6 


+1, 


7  1,  708. 1 


58.5 
22.5 
17.0 


172.2 
128.8 
123.7 


98.0]  424.7 


+ 

11.1 

+ 

8.6 

+ 

13.7 

+ 

33.4 

109.5 
102.3 
105.8 


.  4  1, 401. 9  1 , 232. 7  +2, 454.  8  3, 687. 5 


158.3 
454.9 
406.0 


320.4  +1,019.21,339.6 


254.4 
483.4 
351.1 


253.0 
565.4 
521.2 


351.0 
593.5 
459.2 


9  1, 403. 7 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


Experiment  No.  52 — 
Continued. 

7  p.  m.  to  9  p.  rn  ... 
9  p.  m.  to  11  p.  m  .. 
11  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day. . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day  . 

Total,  3  days. 

Experiment  No.  53. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 


(a) 


1  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
•5  p.  m.  to  7  p.  m  . . . 


Liters. 
10, 105 
10, 105 
9,328 


Water  in  in- 
coming air. 


(6) 


Mgs 

0.704 
.704 
.704 


29.  53* 


10, 105 
9,328 
9,328 


28,  761 


.763 
.763 


9,328 
9, 328 


27.  9*4  


9,328 
8, 551 
9, 328 


27,  207 


10, 105 
10, 105 


2^.  :.:> 


9,328 
9, 328 
10, 105 


28. 761 


113. 490 


340, 470 


9, 328 
8,551 
9,328 


27.  207 


Total,  6  hours  27,207 


1.  048 
1.048 
1.048 


1.166 
1.166 
1. 166 


.876 
.876 
.876 


(c) 


Gms. 
7.1 
7.1 
6.6 


Water  in  outgoing 
air. 


(d) 


o  £ 


C  I  , 


(e) 

gg 
o  a 

,13 

© 

'  s  t 

-  -  : 


102. 4 
100.0 
89.5 


20. 8    291.  9 


100.7 
84.2 
82.6 


21.  9    267.  5 


92.91,141.6 


25. 


82.5 
97.6 
99.2 


17.5 
14.7 
14.2 


(/) 


Gms. 
119.! 
114.' 
103.  ■ 


(<?) 
2 


(h) 

.  D 

z- 

1  5 


S3 


Gms. 
112. ! 

107.  e|+ 

97.l!  + 


60.1 
23.5 
2.2 


46.4 


J.  3    317. 5  +     85. 8 


13.8 
14.3 
13.3 


41.4 


114. 5  106.  8 
98.5:  91.4 
95.9     88. 8' 


287. 0  ■ 


16.2 


191.01,332.61,239.7  +2,11 


14.9 
17.0 
19.8 


97.4 
114. 6 
119. 0 


88.8  +  203.3 
106. 0  +  440.  3 
110.4  +  392.7 


279.3    51.7    331.0    305.2  +1,036.31,341.5 


99.0 
87.8 
102.3 


16.8  115.8 
18. 6 1  106.4 
19.4  121.7 


28. 5    289. 1 


11.8 
11.8 
10.8 


95.9 
92.5 
90.1 


34.  4    278.  5 


8.2 


94.0 
91.6 
94.0 


54. 


23.6 

20. 

20. 


64.8 


17.2 
17.3 
15.1 


25. 2    279.  6 


119.5 
112.8 
111.0 


343. 


106. 0  +    236.  6 


97.5 


111.9  +  378.1 


315.4  +1,136.7 


107.7 
101.0 
100.2 


111.2 
108.9 
109.1 


103.0 
100.7 
100.3 


329.  2    304.  0 


113.  9  1, 126. 5  220. 9  1,  347. 4  1, 233. 5 


+    522. 0 


44.8 
33.3 
20.4 


9  + 


U  P. 

^3 

H  z  - 
o~  ! 
En 


Gms. 
172.9 
131.1 
99.3 


403.3 


101.2 
83.5 
86.1 


270.  8 


3, 417. 4 


292.1 
546. 3 
503.1 


342.6 
619.5 
490.0 


1,452.1 


152.5 
134.3 
120.6 


407.4 


+ 

6.4 

+ 

10.1 

+ 

11.2 

109.4 
110.8 
111.5 


+     27. 7    331. 7 


+2, 299.  2  3,  532. 7 


..  376.0  3,369.6  712.3  4,081.9  3,705.9 


.964 
.964 
.964 


.916 
.916 
.916 


25.0 


15.  5 
14.5 
18.7 


255. 2    48.  7 


81.1 
92.8 
101. 1 


14.6 
16.6 
15.7 


275.  0 


101.7 
93.8 
108. 4, 


92.' 
85.1 


277.7 


95. 7j 
109.4 
116. 8' 


87.9 
100.8 
108.2 


321.  9    296.  9 


+6,931.710,637.6 


+  132.1  224.8 
+  386.5  472.1 
+    375. 3    474. 7 


.91,171.6 


+  205. 8  293. 7 
+  3S6.8  487.6 
+    357. 1    465. 3 


+    949. 7  1, 246.  i 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


Experiment  No.  53 — 
Continued. 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 
11  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  rn.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  rn  . . . 

Total,  6  hours 

Total,  1  day  . 

7  a.  rn.  to  9  a.  m . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1a.m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9a.m... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m. . 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m. . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m. . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 


(a) 


o  £ 


Liters. 
9, 32! 
9, 328 
10, 105 


28, 761 


9, 328 
9, 328 


9,328 


i,  551 


27/317 


9,328 
9, 328 
9, 328 


27,984 


9, 328 
10, 105 
10, 105 


29,  538 


9, 328 
10, 105 
9,328 


28, 761 


113, 490 


9,328 
9,  328 
10, 105 


28,  761 


9, 328 
9, 328 
9, 328 


27, 


9, 328 
10, 105 
9,328 


28,  761 


Water  in  in 
coming  air. 


(&)  (c) 


Mgs. 

0. 738 
.738 
.738 


Gms 
6. 
6.9 
7.4 


21.2 


.717 
.717 
.717 


1.040 
1.040 
1.040 


92.51,093.6 


22.  5 


22.1 


9.3 
9.3 
10.0 


28.  6 


29.1 


Water  in  outgoing 
air. 


(d)      (e)  (/) 


o  a 


Gms. 
87.7 
86.8 
101.5 


276.0 


98.5 
98.6 
90.3 


287.  I 


92.5 
84.8 


264. 0 


91.7 
100.8 
103.  5 


296.0 


90.9 
96.7 
98.1 


2s:>.  7 


91.2 
90.3 
81.3 


262.  8 


82.7 
95. 
100.1 


278.6 


91.8 
96.1 
99.3 


287.  2 


95.9 
91.7 


5  c  ./ 
s  i  & 

< 


Gms 
15.9 
13.6 
16.6 


46.1 


13.7 
15.8 
14.4 


43.9 

185. 6  1, 279. 211, 186. 7| +1, 948. 6  3, 135. 3 


15 

17.3 
17.7 


50. 


15.3 
16.1 
15.5 


46.  9 


15.5 
15.1 
17.0 


47.6 


14.7 
16.9 
14.2 


45.8 


14.7 
17.6 
22.4 


54.7 


16.5 
18.1 
17.2 


51. 


17.0 
16.6 
14.5 


Gms. 
103.6 
100.4 
118.1 


322. 1 


112. 2 
114.4 
104.7 


331.3 


(9) 


IB 

Qj  O 


+3  O 
O 

Eh 


Gms. 
96.7 
93.5 

110.7 


;;oo. 


105. 
107.7 
98.0 


(h) 


Gms. 
+  31. 
■f  50. 
+  12. 


5  + 
+ 
+ 


311.2+  11.3 


102.6 
109.8 
102.5 


314.9 


93.5 
100.7 
94.1 


288.3  +1,031.01,319.3 


107. 0; 
116.9 
119.0 


99.1 
109. 
111.1 


0  + 


342. 9;    319. 2 


106. 4: 
111.8 
115. 1 


99.3 
104.1 
107.4 


333. 3!    310. 8 


105. 9 
107. 2 
95. 5 


98.7 
99.5 
88.3 


202. 
491. 
375. 


+1,068.81,388.0 


+  32. 
+  27. 

-  5. 


53. 


286.5  - 


34. 


191. 2  1, 299.  7  1, 204. 8  +2, 118. 8  3, 323. 6 


.97.4 
113.4 
122. 5 


333.3 


108.3 
114.2 
116.5 


339.0 


48.1 


110.9 
112.5 
106.2 


88. 1  4 


104.1 
112.5 


5 

+  496. 8 
+    396. 8 


304.  7  +1,043. 1 


98.6  +  248. 
104.5!+  507. 
+  307. 


106.8 
309.9 


+  1,063. 


102.8  +  24. 
103.7  +  32. 
98.1+  6. 


304.6  +     63.3  367.9 


(0 


o  + 


Gms. 
128.1 


122.7 


394.6 


109.6 
111.2 
101.7 


322.5 


271.0 
552.9 
495.4 


301.5 
600.2 
486.3 


131.5 
131.1 
102.0 


364.6 


86.5 
88.5 
76.7 

251.7 


237.6 
600.9 
509.3 


347.5 
612.2 
413.9 


1,373.6 


126.8 
136.4 
104.7 
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Table  120.—  Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Period. 


(a) 


Is 

c  B 
*2 


Water  in  in- 
coming air. 


(6) 


(c) 


Water  in  outgoing 
air. 


at 

o  ® 


o  ci 


<  . 


(/) 


(<?) 
d 


I  5 


ft 

<f-l  m 


Experiment  No.  53 — 
Continued. 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

Total,  3  days. 

Experiment  No.  ok. 

7  a.  m.  to  y  a.  m  . . . 
y  a.  m.  to  11  a.  ru  .. 

II  a.  m.  to  1  p.  m 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to -5  p.  m . . . 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  y  p.  m. . . 
y  p.  m.  to  11  p.  m . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . .. 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day. . 

7  a.  m.  to  y  a.  m  ... 
y  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  y  p.  m... 
y  p.  m.  to  11  p.  m.. 

II  p.  m.  tola.  m.. 

Total,  6  hours 


Liter? 


Mgs. 
9,328'  0.854 
9,328  .  854 
9,328!  .854 


Gms. 
8.0 
8.0 
8.0 


Gms. 

93.2 
"  90.7 

83.2 


Gms. 
13.4 
14.8 
15.3 


Gms. 
106.6 
105.  5 


27, 984 


24.  0    267. 1    43. 5 


310.  6 


Gms. 
98.6 
97.5 
90.5 


Gms. 


Gms. 
97.0 
101.4 
87.1 


286.6  -      1.  It  285.5 


113, 490 


106.  7 1, 114. 4 


1 ;  1,  312. 5  1, 205. 8i  +2, 169. 0  3,  374.  8 


338,139.  !  294.13,316.5,  574.93,891.4  3,597.3  +6,236.419,! 


9,328  1.277j 
9,328  1.277! 
y,328  1.277 


11.9 
11.9 
11.9 


79. 2  17. 7 

58. 3  19.9 
$3.0  24.1 


27,984:   35.7    250.5  61.7 


8,55i;  1.285,  11.0 
9,328  1.285  12.0 
8,551  1.28-5    11.  oj 


7>.  - 


26, 430   !    34.  0    260. 4 


17.4 
22.4 
20.3 


9,328  1.007 
10,105  1.007 
9,328  1.007 


9.4 
10.2 
9.4 


86.8  20.7 
94.  0  19.  3 
90.8  17.1 


28,  761   1    29.  0;    271. 6    57. 1 


96.9 
108.2 
107. 1 


85. 0  +  157. 5 
96. 3  +  433.  6 
95. 2  +    379.  8 


312. 2    276.  5  +    970. 9  1, 247. 4 


96.2 
115.  3 
109.0 


320.  5 


107. 5 
113.3 
107.9 


85. 2  4-    203. 6 
103.3  +  476.1 
98. 0  +    390.  6 


242.5 
529.  9 
475.0 


288.8 
579.4 


+1, 070.  3 1, 356. 8 


103.1  + 
98.5  + 


26.  y 

35. 
14. 


32s. 


299.  7  + 


125.0 
138.4 
113.3 


376. 


10, 105 

9,328, 
9,328! 


.764 
.764 
.764 


7. 7  107.0! 
7.1!  00.6 
7.1  84.8 


15.4  122.4 
14.8  105.4 
97.6 


28,761    21. 9i  282.4 


114.7+  4.7  119.4 
98.3+  4.l!  102.4 
90. 5  +      4. 4     94. 9 


325.4    303. 5j+  13.: 


316.  7 


111,  936   j  120.  61, 064.  9  221. 9  1,  286. 8  1, 166.  2  +2, 131.  4  3,  297.  6 


10,1051  1.057 
9,328  1.057 
7,774  1.057 


10.7 
9.9 
8.2 


97.0 
95.2 
74.8 


16.8  113.8 
16.7  111.9 


17.5  92.3, 


103.1 
102.0 
84.1 


27,207    28.8    267.0!  51.0 


9,328  1.962 
9,328  1.962 
6,996  1.962 


18.3 
18.3 
13.7 


25,  652 


50. 


107.2 
62.9 


24.8 
29.9 
20.9 


238.  7 


318.  0    289.  2 


132.  0 
92.8 
89.5 


113.7 


314. 


+  203. 9 
+  522. 3 
+  436.4 


307.0 
624.3 
520.5 


+1,162.61,451. 


+    212.7  326.4 


74.5  +    577.6  652.1 
+    278.9  354.7 


264.0  +1,069.21,333.2 


10,105  1.385    14.0     86. 4|    30.4    116.8    102.8  +  29.0 
10,105|T.385j    14.0!     81. 9j   24.61    106.5     92.5+  33.0 
9,328  1.385    12.9     84.  lj   21.6    105.7     92.8+  9.6 


131.8 
125. 5 
102.4 


29,538:   40.9    252.4    76.6    329.0    288.1  +  71 
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Table  120. — Record  of  water  in  ventilating  air  current,  etc. — Continued. 


Date. 


1902. 
Apr.  28-29. 


29-30. 


i  30-Mayl 


Period. 


Experiment  No.  5h — 
Continued. 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  rn . . . 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 
7  p.  m.  to  9  p.  rn . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 
Total,  1  day .. 
Total,  3  days  . 
Experiment  No.  55. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  in... 

Total,  6  hours 
7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m. . 

Total,  6  hours 
1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 
Total,  1  day . . 


(a) 


•2  2 


Liters. 
9, 328 
10, 105 
9,328 


Water  in  in- 
coming air. 


(&) 


Mgs. 
1.094 
1.094 
1.094 


28, 761 ! 


111,158 


9,  328 
9, 328 ' 
9, 328! 


1.178 
1.178 
1.178 


27,  984 


9, 328 
9, 328 
9, 328' 


1.090 
1.090 
1.090 


27,981 

I07T05 

9,328 
9, 328 


28, 701 


113,490 

330, 584 


9, 328 
9, 328 
10, 105 


28,  701 
10, 105 

9,  328 
10, 883 


30,316 


10, 105 
10, 883 
10, 105 


31, 


10, 105 
10, 883 
10, 105 


31,093 


121, 263 


1.239 
1.239 
1.239 


1.380 
1.380 
1. 380 


1. 852 
1.852 
1.852 


1.540 
1.540 
1.540 


31.4 


Water  in  outgoing 
air. 


SI 


Gins. 
90.8 
89.1 
82.0 


(«)  (/) 


5  a 
2  ®  u 

< 


6ms. 
18.2 
22.  6 
16.6 


261.9 


151.4  1,020.0 


80.6 
96.8 
94.6 


92.4 
92.0 
101. 1 


296.9 

TooT5 

101.0 
84.5 


286.  (I 


6 1, 141. 1 
6  3,  226.  U 


11.6 
11.6 
12.5 


35.7 
13.9 
12.9 
15.0 


41.8 


18.7 
20.2 
18.7 


57.  6 


15.6 
16.7 
15,6 


47.9 


101.4 
109. 1 
116.7 


361.3 


107.3 
122.  6 
103.7 


33:;.  c 


108.2 
118.8 
103.1 


330.1 


183. 0  1,  352. 2 


6ms. 
109. 0 
111.7 
98.6 


57. 4  319. 


2i III.  6  1,2*0.6 


18.4 
19.9 
21.3 


59.6 


16.7 
19.5 
18.8 


_54.2 
15.  s 
15.7 
14.8 


99.0 
116.7 
115.9 


331.6 


109.1 
111.5 

120.6 


341.2 
12870 
112.5 
110.  6 

351.1 

HO 

116.7 
99. 


62.  X 


21.4 
23.9 
28.0 


73.3 


33.4 
32.6 
29.8 


95. 8 


28.3 
28.4 
25.0 


81.7 


31111.0 


142.  6 
134.2 
157.8 


434.6 


140.7 
155.2 
133.5 


429.  1 


136.5 
147.2 
128.1 


411.8 


(flO 


a  a 
H 


6ms, 
98. 8 
100 
88.4 


287.  9 


(ft) 


6ms. 

+  3. 
+ 

+  1. 


5.6 


«) 


n  ft 


oe  o  + 


6ms. 
102. 4 
101.5 


293.5 


1,129.2  +2,309.0  3,438.2 


88.0  +  204. 
105.  ?'+-  513. 
104.9  +  464. 


292.4 
618.  7 
569.1 


.6  +1,181.61,480.2 


98.9 
101.3 
110.4 


310.6 
TI8T0 
103, 
101.3 


242. 


330. 


2  + 


322 
"106.7 
107.8 
90.4 


5  +     83. 6 


30  1.  '.) 


341.4 
488.0 
450.1 


968.91,279.5 
T5L2 
157.9 
97.0 


406. 1 
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82.6 
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0  + 
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114.8 
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130.5 
112 
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313.  6|1, 665. 8  1, 482. 8  +5, 898. 2  7, 381. 0 
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679.3 
356.3 


-1,509.91,881.7 


+  336. 
+  335. 
335. 


5  + 
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465.8 
448.2 
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Total, 
1  day. 

Grams. 
2  843. 0 
•2,310.7 

6 

ci 

&  i  %  i 

CO*    SO*    CO  CO" 

3 

co 

3,173.1 
3, 034. 8 
3,  097.  7 
3, 575. 3 

3, 220.  2 

3,  783.  3 

3,  719.  7 
3,771.4 

4,  024.  0 

I 

co" 
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3, 060. 2 
3,030.9 

I 
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Kind  and  number  of  ex- 
periment. 

Wbrft  experiments,  carbohy- 
drate diet— Continued. 

No.  37  

No.  37  

Average  per  day  

No;  40  

No.  40  

No.  40  

No.  40  

Average  perdav  

No.  44  

No.  44  

No.  44  

No.  44  

Average  per  day  

No.  47  

No.  47  

No.  47  

No.  47  

Average  per  day  

No.  49  

No.  49  

No.  49  

Average  per  day  
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The  following  table  shows  the  daily  income  and  outgo  of  water  in  metabolism 
experiments  Nos.  35-55. 


Table  122. — Daily  income  and  outgo  of  water,  metabolism  experiments  Nos.  35-55. 


Number,  subject,  and  kind  of 
experiment. 

Days 
cov- 
ered 
by  ex- 
peri- 
ments. 

Income. 

Outgo. 

In 
food. 

In 
drink. 

Total. 

In 

feces. 

In 
urine. 

In  res- 
pira- 
tion 
and 
perspi- 
ration. 

Total.  '; 

No.  35,  J.  C.  W.,  rest: 

First  day  

Second  day  

Third  day  

Fourth  dav  

Total  

No.  36,  J.  C.  W.,  rest,  fasting  

Grams. 
922 
922 
922 
922 

Grams. 
1,000 
1,000 
1,000 
1,000 

Grams. 
1.922 
1,922 
1,922 
1,922 

Grams. 
78 
78 
78 
78 

Grams. 
1,452 
1,184 
1,446 
1,374 

Grams. 
954 
870 
863 
837 

Grams.  >. 
2,484 
2,132 
2, 387 
2,289 

4 

3,  688 

4, 000 

7,688 

312 

5,456 

3,524 

9,292 

1 

1,000 

1,000 

1,357 

768 

2,125 

No.  37,  J.  C.  W.,  work: 

First  dav  

Second  dav  

Third  day  

Total  

No.  38,  J.  C.  W.,  work: 

First  dav  

Third  day  

Fourth  dav  

Total  

No.  39,  J.  C.  W.,  rest,  fasting  

702 
702 
702 
702 

1,900 
1, 950 
2,100 
2,250 

2,602 
2,  652 
2, 802 
2,952 

79 
79 
79 
79 

1,310 
829 
758 
841 

2,512 
3,024 
2, 843 
2, 311 

3,901 
3,932 
3, 680 
3, 231 

4 

2,808 

8,200 

11,008  |  316 

3,738 

10,  690 

14, 744 

1,334 
1, 334 
1,334 
1,334 

1,  500 
1,500 
1,500 
1,500 

2,834 
2,834 
2,834 
2,834 

90 
90 
90 
90 

883 
963 
947 
946 

2,307 
2,629 
2,519 
2,444 

3,280 
3,  682 
3, 556 
3,480 

4 

5,336 

6,000 

11,  336 

360 

3,739 

9,899 

13, 998 

1 

1,950 

1,950 

1,249 

822 

2,071 

No.  40,  J.  C.  W.,  work: 

Second  day  

Third  day  

Total  \  

No.  41,  J.  C.  W.,  work: 

First  dav  

Third  day  

Fourth  day  

Total  

No.  42,  J.  C.  W.,  rest,  fasting  

720 
677 
677 
677 

2,550 
2, 550 
2,800 
2,800 

3,270 
3,227 
3,477 
3,477 

120 
120 
120 
120 

834 
711 
787 
757 

3,279 
3,088 
3,  042 
3, 068 

4,233 
3,919 
3,949 
3,945 

4 

2,751 

10, 700 

13, 451 

480 

3,089 

12,477 

16, 046 

1,444 
i,444 
1,444 
1,444 

2,800 
2, 800 
2,800 
2,800 

4,244 
4,244 
4, 244 
4,244 

135 
135 
135 
135 

1,130 
1,682 
1,658 
1,481 

3, 234 
3,134 
3,340 
3,476 

4, 499 

4,  951 
5, 133 

5,  092 

4 

5,776  1  11,200 

16, 976 

540  5,951 

13,184  |  19,675 

1 

1,400 

1,400 

1,687 

842  |  2,529 

No.  43,  J.  C.  W.,  work: 

Fourth  dav  

Total  

No.  44,  J.  C.  W.,  work: 

First  day  

Second  day  

Third  day  

Fourth  dav  

Total  

No.  45,  J.  C.  W.,  work  

2,543 
2,  543 
2,543 
2,543 

2, 150 
2, 150 
2,150 
2,150 

4,693 
4,693 
4, 693 
4,693 

182 
182 
182 
182 

1,619 
1,852 
1,938 
2, 199 

3,503 
3, 196 
3, 106 
2,986 

5,  304 
5, 230 
5, 226 
5,  367 

4 

10, 172 

8, 600 

18,  772 

728 

7,608 

12,  791 

21, 127 

1,861 
1,861 
1,861 
1,861 

2,950 
2,950 
2,950 
2, 950 

4,811 
4, 811 
4, 811 
4,811 

164 
164 
164 
164 

1,925 
2,  019 
2,193 
1,847 

3,173 
3,035 
3,098 
3,575 

5,262 
5,218 
5,455 
5,586 

4 

7,444 

11, 800 

19,244 

656 

7,984 

12, 881 

21, 521 

1 

2,  537 

2, 150 

4,687  |  215 

2,162 

3,161  )  5,538 

6000— No.  136—03  20 
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Table  122. — Daily  income  and  outgo  of  water,  etc. — Continued. 


Number,  subject,  and  kind  of 
experiment. 

Days 
cov- 
ered 
by  ex- 
peri- 
ments. 

Income. 

Outgo. 

In 
food. 

In 
drink. 

Total. 

In 
feces. 

In 
urine. 

In  res- 
pira- 
tion 
and 
perspi- 
ration. 

Total. 

No.  46,  J.  C.  W.,  work: 

First  day  

Second  day  

Fourth  dav  

Grams. 
2,586 
2,586 
2, 586 
2,  586 

Grams. 
2,150 
2,150 
2,150 
2, 150 

Gravis. 
4,736 
4,736 
4,736 
4,736 

Grams. 
181 
181 
181 
181 

Grams. 
1,285 
1,182 
1,183 
1,542 

Gravis. 
4, 126 
3,817 
3,  756 
3,581 

Grams. 
5,592 
5,180 
5, 120 
5,304 

Total  

No.  47,  J.  C.  W.,  work: 

Second  dav  

Third  day  

4 

10, 344 

8,600 

18,944 

724 

5, 192 

15, 280 

21,196 



1,904 
1,904 
1,904 
1,904 

2, 950 
2,950 
2,950 
2,950 

4,854 
4,854 
4, 854 
4,854 

185 
185 
185 
185 

1,574 
1,522 
1,671 
1,396 

3,783 
3, 720 
3,  771 
4,024 

5,542 
5,427 
5,627 
5,605 

Total  

No.  48,  J.  C.  W.,  work  

No.  49,  J.  C.  W.,  work: 

First  day  

Second  day  

Third  day  

No.  50,  J.  G.  W.,  work  a  

No.  51,  J.  C.  W.,  rest,  fasting: 

7,616  |  11,800 

19, 416 

740 

6,163 

15, 298 

22,201 

1 

2,581 

2, 150      4, 731 

193 

1,349 

3,800 

5,342 

2, 292 
2,292 
2,292 

2,800 
2,800 
2,800 

5, 092 
5, 092 
5,092 

170 
170 
170 

1,954 
2,204 
2,648 

3,514 
3,060 
3,031 

5, 638 
5,434 
5  849 

3 

6,876 

8, 400 

15, 276 

510 

6,806 

9,605 

16, 921 

1 

1,579 

1,300 

2,879 

92 

1,626 

2, 232 

3,950 

750 
250 

750 
815 

971 
728 

1,018 
895 

1,989 
1,623 

Second  day  

565 

Total  

2 

565 

1,000 

1, 565 

1,699 

1,913 

3,612 

No.  52,  J.  C.  W.,  work: 

First  day  

Second  day  

Third  day  

Total  

No.  53,  J.  C.  W.,  work: 

First  day  

Second  day  

Third  day  

Total  

No.  54,  J.  C.  W.,  work: 
First  day 

Third  day  

Total  

No.  55,  J.  C.  W.,  work  (extra 

2, 917 
2,903 
2,903 

1,950 
1,950 
1, 950 

4, 867 
4,853- 
4,853 

197 
197 
197 

2,061 
1,344 
1,817 

>    3, 688 
3,417 
3,532 

5,946 
4,958 
5,546 

3 

8, 723 

5,850 

14, 573 

591 

5, 222 

10,637 

16, 450 

2,300 
2,300 
2,300 

1,950 
1,950 
1,950 

4,250 
4,250 
4, 250 

212 
212 
212 

944 
1,114 
1,388 

3, 135 
3,324 
3,375 

4,291 
4, 650 
4,975 

3 

6, 900 

5,850 

12, 750 

636 

3,446 

9,834 

13, 916 

2,867 
2, 802 
2,819 

1,950 
1,950 
1,950 

4,817 
4,752 
4,769 

167 
167 
167 

2,329 
1,936 
1,984 

3, 298 
3,438 
3,450 

5,794 
5,541 
5,601 

3 

8,488 

5.850 

14, 338 

501 

6,249 

10, 186 

16, 936 

1 

3,090 

2,850 

5,940 

167 

1,103 

7,381 

8,651 

abi  hours'  work  on  insufficient  diet. 
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Table  123  summarizes  the  results  of  the  calorimetric  measurements  by  2-hour 
periods  in  experiments  Nos.  35-55,  inclusive. 

Table  123. — Summary  of  calorimetric  measurements,  metabolism  experiments  Nos.  35-55, 

inclusive. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Con. 


(&) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza 
tion  of 
water, 
ex  0.592. 


Preliminary  to  exper- 
iment No  35. 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 
11  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . 

Total,  6  hours 

Total,  i  day 

Experiment  No.  85 

7  a.  m.  to  9a.m. 
9  a.  m.  to  11  a.  m 

II  a.  m.  to  1  p.  m 

Total,  6  hours 

I  p.  m.  to  3  p.  m 
3  p.  m.  to  5  p.  m 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . .. 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a,  m  . . . 
3  a.  m.  to  5  a.  m... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m.. 

Total,  6  hours 

1  p.  m.  to  3  p.  m. . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 


Calories. 
188. 2 
181.6 
121.9 


-0.08 
-  .02 
+  .08 


Cals. 
-4.8 
-  1.2 
+  4.8 


Cals. 
+  4.7 
+  1.6 


Grams. 
90.2 
92.8 
86.5 


Calories. 
53.4 
54.9 
51.2 


491.7 


-  .02 


1.2 


+  6.3 


269.  5 


118.8 
124.5 
104.2 


-  .02 

-  .03 
+  .12 


-  1.2 
-1.8 
+  7.2 


+  4.6 
+  2.0 


89.9 
87.8 
75.0 


347.5 


+  .07 


+  4.2 


6.  6 


252.  7 


+  3.0 


+12.  9 


522.2 


215.2 
192.8 
169.4 


-  .11 
+  .02 
+  .01 


-6.6 
+  1.2 
+  .6 


+  2.1 


577.4 


.08 


267.7 


185.0 
179.7 
168.4 


-  .01 

-  .06 


533. 1 


-  .07 


185.2 
175.  7 
95.6 


■456.  5 


100.6 
92.9 
97.1 


291).  6 


1,857.6 


197.1 
181.8 
163.9 


542.  S 


188.7 
180.2 
160.2 


529.1 


.02 


.  18 


+  .02 


-  .02 

-  .02 
+  .01 


(>:-; 


.6 
3.6 


4.2 


+  1.8 
-  2.4 


1.2 


10.  8 


+  l.f 


+  1.2 


1.2 
1.2 
.6 


85.4 
83.9 
86.1 


255.  4 


+  2.1 


+  4.2 
+  1.9 


+  6.1 


4.4 
2.0 
2.7 


+  9.1 


80.0 
83.7 
70.9 


234.  6 


74.7 
50.8 
71.1 


196.  6 


954.  3 


85.1 
70.4 
75.2 


230.  7 


74.9 
73.6 
78.0 


226.  5 


159.5 


53.2 
52.0 
44.4 


149. 


58.8 
51.4 
48.2 


158.  4 


50.6 
49.7 
51.0 


151.3 


47.4 
49.5 
42.0 


138. ! 


44.2 
30.1 
42.1 


116.4 


565.  0 


50.4 
41.7 
44.5 


136. 


44.3 
43.6 
46.2 


134.1 
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Table  123. — Summary  of  color imetric  measurements,  etc.—  Continued. 


Period. 


Experiment  No.  35— 
Continued. 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.m.. 
11  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m .. 

II  a.  m.  to  1  p.  m.. 

Total,  6  hours 

I  p.  m.  to  3  p.m.,.. 
3  p.  m.  to  5p.m... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  la.m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m . . . 

Total,  6  hours 

Total,  1  da.y. . 

7  a.m.  to  9  a. m  

9  a.  m.  to  11  a.  m. . . 

II  a.m.  to  1  p.  m... 

Total,  6  hours 

I  p.m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m . .  .1 
9  p.  m.  to  11  p.  m. . 

II  p.  m.  tola.  m.. 

Total,  6  hours 


(a) 


Heat 
meas- 
ured in 
terms  of 
C20 


Calorics. 
109.  6 
153.1 
109.3 


432. 0 


134. 0 
102.4 
112.4 


34*.  8 


196.0 
183.3 
161.2 


51(1.5 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Degrees. 
— 0. 03 
+  .04 
+  .06 


+  .07 


.02 
.01 
.02 


+  .01 


180.6 
177.8 
178.2 


536.  6 


188.0 
179.0 
117.0 


484.  0 


+  .01 


+  .01 


-  .01 
+  .07 

-  .04 


02 


102.5 
102. 0 
113.0 


317.5 


I  +  .10 


1,878.6  j  +  .12 


206.1 
185. 3 
177.4 


.12 
.01 
.03 


56*.  X 


179.  7 
178.8 
168.9 


527. 4 


167.4 
156.  9 
93.3 


417.6 


+  .03 
-  .01 


+  .02 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
5x60. 


Cals. 
-1.8 
+  2.4 
+  3.6 


4.2 


1.2 
.6 
1.2 


1.8 
1.2 


-  .6 
+  4.2 
-2.4 


+  1.2 


-1.8 

-  .6 
+  8.4 


6.  0 


+  7.2 


-7.2 
+  .6 
-  1.8 


8.  I 


+  1.8 
-  .6 


-  .6 

-  3.6 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


Cals. 
+  2.: 


+18.0 


2.4 
2.5 


+  4.9 


+  5.2 
+  1.7 
+  1.7 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Grams. 
68.0 
71.1 
73.4 


212.  5 


66.1 
66.1 
67.9 


'200. 1 


*<;<.).* 


83.1 
71.9 
62.8 


217.8 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Calorics. 
40.3 
42.1 
43.5 


125. 


39.1 
39.1 
40.2 


118.4 


515.0 


49.2 
42.6 
37.2 


129.0 


70.7 
68.7 
80.8 


41.8 
40.7 
47.8 


+  8.6 


2.7 


+  16.2 


220.  2 


130.  3 


74.2 
71.4 
67.9 


43.9 
42.3 
40.2 


213.5 


126. 4 


69.7 
70.6 
71.1 


41.3 
41.8 
42.1 


211. 4 


125.2 


862.  9 


510.9 


2.6 


6.5 


+  3.3 
+  1.5 
+  3.0 

+  7.8 


—  .07  I 


74.3 
68.7 
69.5 


212.5 


44.0 
40.7 
41.1 


125. 8 


72.2 
72.6 
72.3 


217.1 


42.7 
43.0 
42.8 


128.5 


63.9 
70.5 
71.2 


205.  6 


37.8 
41.7 
42.2 


121.7 


309 


Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

C20 


(&) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
&X60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
exO.592. 


(SO 


Total 
heat 
deter- 
mined, 
a+c+ 
d+f. 


Experiment  No.  85 — 
Continued. 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  36. 

7*a.  m.  to  9  a.m  

9  a.  m.  to  11  a.  m  . . 

II  a.m.  to  1  p.  m... 

Total,  6  hours 

I  p.  m.  to  3  p.  m.. . 
3  p.  m.  to  5  p.  m.. . 
5 p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m. . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  .. . 

Total,  6  hours 

Total,  1  day  . 

Preliminary  to  ex- 
periment No.  37. 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  nr. . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5a.m... 
5  a.  m.  to  7  a.  m ... 

Total,  6  hours 

Total,  1  day.. 

Experiment  No.  37. 

7  a.  m.  to  9  a.  m  . .. 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 


Calories. 
118.1 
116.1 
120.9 


Degrees. 
+0. 06 
-  .02 
+  .04 


Cals. 
+3.6 
-1.2 
+2.4 


Cals. 


Grams. 
65.  £ 
67.  £ 


Calories. 
39.0 
39.8 
40.6 


855. 1 


.08 


+4. 


119.4 


1,868.9 


-6.6 


+17.1 


837.  0 


495.  4 


7, 457. 8 


192.0 
179.0 
163.8 


581. S 


170.8 
166.0 
158.2 


495.0 


161.4 
155.0 
91.6 


408.0 


97.2 
108.4 
136.7 


8112.8 


1, 780. 1 


210.5 
205. 0 
86.2 


501.7 


117.3 
105.4 
112.9 


335.  6 


385.2 
563.4 
484.9 


+53.4 


3, 524. 0 


-  .6 
+  .6 


+  2.1 
4-  2.0 
+  2.8 


73.3 
61.6 
59.6 


43.4 
36.5 
35.3 


+  6.9  I  194.5 


115.  2 


+  .03 
-  .03 
+  .02 


+1.8 
-1.8 
+  1.2 


+  2.0 


+  2.4 


64.4 
59.3 
62.6 


38.1 
35.1 
37.1 


+  .02 


+1.2 


+  4.4  I 


18(5.3 


110.3 


+  .01 
+  .03 
+  .01 


+  .6 
+1.8 
+  .6 


2.4 


+  .05 


3.0 


2.4 


-  .06 
+  .03 


-3.6 
+1.8 
+1.8 


.  07 


+4.2 


+13.7 


+  .02 


+1.2 


.02 


+1.2 


.02 
.04 
.07 


-1.2 
-2.4 
-4.2 


-7.8 


+  .11 
+  .04 
-  .06 


+6.6 
+2.4 
-3.6 


1,433.5  I  +  .09 


+5.4 


8.2 
3.0 


+11.2 


64.0 
61.3 
66.4 


37.9 


39.3 


191.7 


113.5 


64.2 
66.0 
65.4 


38.0 
39.1 
38.7 


195.  6 


115. 


768.1 


454. 


88.8 
82.2 
74.9 


52.6 
48.7 
44.3 


245.  9 


145.6 


84.2 
80.7 


491.6 


107.2 
103.6 
104.5 


315.3 


49.8 
47.8 
48.4 


Calories. 
160.7 
154.7 
163.9 


146.0 


291.6 


63.5 
61.3 
61.9 


186.7 


479.  3 


2, 374. 8 


237.5 
216.9 
202.5 


656. 9 


212.7 
199.3 


610.9 


202. 3 
193.1 
131.5 


526.  9 


131.6 
149.3 
177.2 


458.1 
252. 8 


263.1 
253.7 
131.7 


648.5 


165.9 
150.8 
157.1 


473.  8 


1, 122. 3 


463.5 
630.1 
543.2 
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Table  123. — Summary  of  calor (metric  measurements,  etc. — Continued. 


Period. 


Heat 
meas- 
ured in 
terms  of 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 


id) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
exO.592. 


Experiment  No,  37 — 
Continued. 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7p.m... 

Total,  6  hours 

7  p.  m.  to  9p.m... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m.. 

Total,  6  hours 

1  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  ... 


Calories. 
364.4 
'614.1 
560.3  \ 


Degrees. 
+0.25 

-  .08 

-  .12 


Cats. 
+15. 0 
-4.8 
-7.2 


Cats. 
+  5.5 
+  3.5 
+  5.0 


Grams. 
97.2 
109.8 
110.0 


Calorics. 
57.5 
.  65.0 
65.1 


1,538.8  |  +  .05 


+  3.0 


+  14.0 


317.0 


236.  7 
232.9 


566.  0 


111.8 
99.7 
108.8 


320.3 


-  .07 


+  7.8 
-5.4 
-  4.2 


3.3 


90.6 
99.8 
103.8 


294. 2 


.6 
1.8 
7.8 


107.5 
97.3 


+  5.4 


303.2 


3, 858. 6 


417.0 

665.5 
655.7 


1,  738.  2 


487.9 
708.3 
538.5 


Total,  6  hours !  1,734.7 


7  p.  m.  to  9  p.  m  . .. 
9  p.  m.  to  11  p.  m  .. 
11  p.  m.  tola.  in.. 

Total,  6  hours 

I  a.  m.  to  3a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

1  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  ... 
5 p.  m.  to  7  p.  m  ... 

Total,  6  hours 


239.0 
213.3 
82.4 


534.7 


114.0 
71.6 
89.2 


274.8 


436.8 
690.3 
624.9 


1, 752. 0 


406.1 
719.5 
493.2 


1,618.8 


'20 


-  .23 
+  .04 
+  .05 


.14 


+  .07 
-  .07 
+  .18 


.18 


-  .12 

-  .01 

-  .12 


,25 


-  .09 

-  .06 


-  .07 
4-  .03 

-  .05 


+  .39 


+  12.0 


+28.5 


1,229.7 


-13.8 
+■  2.4 
+  3.0 


+  7.9 
+  3.5 


109.5 
110.0 
118.3 


i.4 


+11.4 


337.8 


+  4.2 
-4.2 
+10.8 


+  5.0 
+  2.9 
+  5.4 


105. 2 
112.0 
112.8 


+10.8 


+13.3 


).0 


-7.2 
-  .6 
-7.2 


+  3.0 


100.9 
100.0 
100.2 


-15.0 


+  3.0 


301.1 


100.2 


9.0 


-21.6 


1,261.3 


-4.2 
+  1.8 
-3.0 


+  8.4 
+  3.1 


105.3 
96.0 
122.7 


5.4 


-11.5 


324.  0 


+16.8 
-  .6 
+  7.2 


+  6.5 
+  5.0 
+  5.7 


103.6 
109.2 
117.3 


+23.4 


+  17.2 


187.  6 


53.6 
59.1 
61.5 


174.2 


63.6 
57.6 
58.3 


179.5 


728.  0 


64.8 
65.1 
70.0 


199. 


62.3 
66.3 
66.8 


195. 4 


59.7 
59.2 
59.3 


178.2 


55.2 
58.6 


746.  6 


62.3 
56.8 
72.6 


191.7 


61.3 
64.6 
69.4 


195.3 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

^20- 


(6) 


(c) 


Change  Capaci 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


ty  cor- 
rection 
of  calo- 
rime- 
ter, 
&X60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


-(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


CO 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Total 
heat 

deter- 
mined, 

a+e+ 
d+f. 


Experiment  No.  37 — 
Continued. 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  . . 
11  p.  m.  to  1  a.  m  .. 

Total.  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 


Calories. 
211.9 
198.1 
78.2 


Degrees. 
-0. 21 

-  .03 

-  .02 


Cats.  Cats. 

-12.6  I  

-  1.8  +  3.5 

-  1.2  .'  


Grams. 
102. 4 
106.1 
104.1 


Calories. 
60.6 
62.8 
61.6 


488.  2 


26 


15.  6 


3.5 


312.6 


185.0 


96.0 
106.6 
100.5 


+  .07 

-  .04 

-  .11 


+  4.2 
-2.4 
-6.6 


104.5 
93.2 
94.6 


61.8 
55.2 
56.0 


303.1 


Total,  6  hours. 
Total,  1  day.,  j  4,162.1 


.08 


4.8 


2y2.3 


173.0 


04 


2.4  +  32.2  1,259.0 


'45.  0 


7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 
11  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  ..J 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total.  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 


361.8 
609.1 
526.0 


+  .14 
+  .01 
-  .05 


+  8.4 
+  .6 
-3.0 


8.0 
5.5 


100.9 
104.0 
100.0 


59.7 
61.6 
59.2 


1,496. 


+  .10 


417.7 

589.3 
473.6 


+  .14 

-  .02 


1, 480.  6 


+  .< 


209.9 
188.0 
72.9 


-  .13 
+  .04 
+  .06 


470.8  I  -  .03 


92.5 
88.0 
82.9 


-  .01 

-  .09 
+  .03 


263.4 


Total,  6  hours 
Total,  1  day.. 
Total,  4  days.:  16,014.8 
Experiment  No.  38. 

i 

15-16          7  a.  m.  to  9  a.  m  

9  a.  m.  to  11  a.  m.. 
11  a.  m.  to  1  p.  m  .. 

Total,  6  hours 


.07 


6.0 


13.5 


304.9 


180.5 


+  8.4  +  5.5 

-  1.2  +  5.7 

-  1.8  +  5.2 


97.4 
113.0 
100.0 


57.7 
66.9 
59.2 


+  5.4  +  16.4 


310.4 


183.8 


7.8  ... 
2.4  + 
3.6  ... 


3.3 


94.5 
95.1 
105.6 


1.8  + 


295.  2 


55.9 
56.3 
62.5 


174.7 


-  .6 
-5.4 
+  1.8 


94.3 

92.  r 

97.8 


55.8 
54.5 
57.9 


4.2  . 


284.2 


168.2 


3,711.7    +  .09  j  +  5.4  +  33.2  :  1,194. 


345. 
590. 
541. 


95.7 
100.1 
100.4 


56.7 
59.3 
59.4 


+  3.6  +  11.4 


296. 2 


I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  op.  m  ... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours  j 

7  p.  m.  to  9 p.  m  ... 
9  p.  m.  toll  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 


428. 
608. 


1,  536. 1 


+  4. 

-  3. 

-  3. 


3.5 
3.7 


110.1 
105.' 


57.2 
65.5 
62.6 


03 


313.0 


185.  3 


207. 
194. 


1.2 


!+  2.8 


93.1  55.1 
95.8  56.7 
101. 6  60. 1 


482.8  I  +  .02    +  1.2  |+  2.8 


290.5 


171.9 


6.6  +121.6  |  4,944.7 


2,  926. 8 


Calories. 
259.9 
262.6 
138.6 


L.l 


162.0 
159.4 
149.9 


471.3 


437.9 
676.8 
582.2 


1,696.9 


489.3 
660.  7 
536.  2 


258.0 
250.0 
139.0 


647.0 


147.7 
137.1 
142.6 


427.4 


4, 457.  5 


19,056.6 


415.2 
651.9 
600.2 


175.4  1,667.3 


491.1 
674.5 
561.5 


1,727.1 


264.1 
253.8 
140.8 


tins. 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in. 
terms  of 

Con. 


(b) 

Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 

Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
bxW. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 


(«) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 

Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Experiment  No.  38— 
Continued. 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total  ,6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7p.m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total, 6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 


Calories. 
93.1 
83.8 
106.7 


Degrees 
+0. 07 

-  .02 

-  .04 


Cats. 
+4.2 
-1.2 
-2.4 


Cals. 


Grams. 
108.0 
99.2 
94.7 


Calories. 


58.7 
56.1 


283.  6 


+  .01 


301.9 


3,779.4 


+  .06 


+  3.6  |  +21.7 


1,201.6 


367.3 
614.5 
543.9 


-1.2 
+6.0 
-5.4 


+  7.8 
+  4.2 


101.9 
106.2 
95.9 


1, 525.  7 


,01 


.6  |  +12.0 


304.0 


426. 1 
618.8 
490.4 


+  .06 
+  .02 
-  .05 


+3.6 
+1.2 
-3.0 


+  3.2 


+ 


111.6 
108.3 
95.8 


1,  535. 3 


+  .03 


+1.8  |  +  8.0 


315.7 


205.6 
181.2 
89.0 


-1.1 


.09 


+5.4 


+  3.4 


93.2 
98.6 
106.4 


475.8 


+  .06 


+3.6  |  +  3.4 


29S.2 


125.8 
98.8 
105.0 


07 


+  .01 


-4.2 
-1.8 
+  .6 


100.4 
98.4 
96.3 


329.  6 


.  09 


-5.4  I. 


295.1 


3, 866. 4 


+23.4 


373.6 
567.9 
520.1 


-1.2 
+3.0 
-2.4 


1,461.6 


-  .01 


407.6 
590.3 
419.1 


+  .03 
+  .10 
-  .09 


+1.8 
+  6.0 
-5.4 


1,417.0 


+  .04 


+2.4 


206.8 
192.  2 
96.6 


-  .01 

-  .01 


495.  6 


.02 


-1.2 


106.7 
89.1 
104.3 


300.1 


3, 674. 3 


.01 
.01 
.03 


+  .6 
+  .6 
-1.8 


.01 


.6 


+  6.8 
+  2.6 


106.6 
104.7 
103.2 


+  9.4 


314. 5 


+  2.9 
+  3.8 
+  3.5 


107.6 
106.0 
109. 3 


+  10.2 


322.  9 


+  3.1 


96.3 
98.6 
107.6 


302.  5 


106.1 
98.0 
97.5 


301.6 


+22.7 


1,241.5 


178.7 


711. 


60.3 
62.9 
56.8 


180.  0 


66.1 
64.1 
56.7 


186.9 


55.2 
58.4 
63.0 


176.6 


59.4 
58.3 
57.0 


174.7 


718.2 


63.1 
61.8 
61.1 


186.0 


63.7 
62.  8 
64.7 


191.2 


57.0 
58.4 
63.7 


179.1 


62.8 
58.0 
57.7 


178.5 


734.8 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Date. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

C2(>. 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter. 
6x60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 

Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


1901. 
Jan.  18-19. 


19-20... 


Experiment  No.  38 — 
Continued. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 
11  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . .. 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  89. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to 5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  dav. . 


Calories. 
345.7 
574.6 
497.1 


Degrees. 
-0.05 
+  .05 
+  .04 


Cats. 
-3.0 
+  3.0 
+  2.4 


Cats. 
+  7.3 
+  3.9 


Grams. 
99.2 
117.4 
108.9 


Calories. 
58.7 
69.5 
64.5 


1,417.4 


+  .04 


2.4 


+11.2 


325:9 


192.7 


372.5 
584.4 
449.4 


3.0 
3.6 
4.2 


+  3.8 
+  4.0 
+  4.2 


1, 406. 3 


+12.0 


98.8 
118.9 
111.9 


58.5 
70.4 
66.2 


329.6 


195.1 


207.  0 
176.6 
86.1 


+  .08 
+  .05 


+  4.8 
+  3.0 


+  2.7 


93.6 
97.2 
102.2 


55.4 
57.5 
60.5 


469.7 


+  .13 


114.8 
90.6 


+  .03 

-  .03 

-  .08 


/.  < 


+  2.7 


293.0 


173.4 


+  1.8 

-  1.8 

-  4.8 


105.  6 
93.5 
95.5 


62.5 
55.4 
56.5 


295.1 


.08    -  4.8 


294.6 


174.4 


3, 588.  5 


+  1.8 


+25.9  |    1,242.7  735.6 


+  .08  +4.1 


+93.7  |    4,898.8  2,899.9 


161.3 
143.5 
120.7 


425.  5 


+  .02 


,06 


125.8 
107.1 
114.  7 


347.6 


105.7 
97.1 
109.7 


312.5 


113.7 
84.9 
110.9 


+  .06 


+  .02 


+  1.2 
-1.8 
-3.6 


+  5. 
+  3. 


4.2 


+  3.1 


+  1.2 


+  .08 


-  .12 
+  .17 
+  .12 


+  .17 


+  .02 


1,395.1    +  .20 


+  4.8 


+14.5 


85.5 
90.5 
78.0 


50.6 
53.6 
46.2 


254. 0  I       150. 4 


86.7 
87.0  | 
80.6  I 


51.3 
51. 5 
47.7 


254.  3 


150.  5 


-7.2 
+  10.2 
+  7.2 


+  3.2 


+10.2 


-6.0 
-4.8 
+12.0 


+  1.2 


75.2 
83.1 
80.8 


1 


80.6 
84.0 


253.  9 


+12.0 


+27.2  1,001.3 


44.5 
49.2 
47.8 


141.  5 


52.9 
47.7 
49.7 


150.  3 


592.7  I  2,027. 


314 


Table  123. — Summary  of  calorwietric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 
C20. 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 


(<*) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Preliminary  to  ex- 
periment No.  U0. 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.m.. 
11  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  iday.. 

Experiment  No.  U0. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  G hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m. .. 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 


Calories. 
200.0 
199.  3 
127.5 


Degrees 
-0. 01 
+  .04 
-  .02 


Cals. 
-0.6 
+  2.4 
-  1.2 


Grams. 
84.6 
77.0 
91.5 


Calories. 
50.1 
45.6 
54.2 


rvjc.s 


+  .01 


253. 1 


117.7 
95.3 
115.4 


-1.2 
+  .6 
-  1.2 


32S.4 


1.8 


447.4 
772. 4 
696.5 


+  .04 
+  .04 


+  2.4 
+  2.4 
-  1.8 


8.2 
3.0 


10775 
104.0 
108.9 


1,916.3  I  +  .05 


+  3.0 


+11.2 


320.  4 


520. 0 
768.1 
588.5 


220.6 
209.4 
109.9 


539.  9 


101.  5 
90.1 
108.4 


300.0 


360.9 
745.3 
648.1 


483.4 
728.1 
579.3 


1,790.8 


237.2 
160.9 
96.7 


+28.8 
-22.2 
-  8.4 


6.0 
5.0 
6.0 


109.9 
107.0 
108.3 


+17.0 


325. 2 


+  4.2 
+  .6 
+  1.2 


+  8.2 
+  3.1 


94.1 
94.7 
106.0 


.  10 


6.  0 


+11.3 


294. 


-  .04 

-  .01 
+  .11 


-2.4 
-  .6 
+  6.6 


100.8 
97.7 
100.8 


.  06 


+  3.6 


299.  3 


+  .18  +10.8 


+39.5  1,239.7 


+  .53 
-  .81 
+  .11 


+31.8 
-48.6 
+  6.6 


+  7.7 

+  4.5 


.17 


10.2 


+  12.2 


.10 

.25 
.26 


+  6.0 
+15.0 
-15.6 


+  6.0 
+  5.0 
+  6.6 


+  .09  |  +  5.4 


+17.6 


105.5 
112.4 
102.3 


320.  2 


96.6 
118.0 
112.2 


326. 8 


-3.0 

+  .  .6 
+  4.2 


+  3.3 


+  .03  !  +  1.8 


+  3.3 


96.1 
94.3 
106.6 


297.0 


149.9 


51.0 
49.3 
49.7 


150.0 


63.6 
61.6 
64.5 


189.  7 


65.1 
63.3 
64.1 


192.5 


65.7 
56.1 
62.7 


174.5 


59.7 
57.8 
59.7 


177.2 


733.9 


62.5 
66.5 
60.6 


189.6 


193.5 


56.1 
55.) 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

CoQ. 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
&X60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Experiment  Xo.  kO — 
Continued. 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m... 
5 p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m . . 

II  p.  m.  tola.  m.. 


Calories. 
108.8 
105. 0 
108.4 


Degree* 
-0. 07 
-  .02 
+  .02 


C'als. 
-4.2 
-1.2 
+  1.2 


Cols. 


Grams. 
96.7 


89.0 


Calories. 
57.2 
55.6 
52.7 


322.2 


-  .07 


4.2 


.6 


165.  5 


4,  362. 1 


.12 


-7.2 


1, 223.  6 


724.4 


430.2 
755. 0 
651.4 


+  .24 
-  .11 


-11.4 
+14.4 
-6.6 


7.0 
4.2 


106.1 
102.7 


59.1 
62.8 
60.8 


1,836.6 


.  06 


3.6 


+  11.2 


308.7        182.7  2,026.9 


457.5 
723. 0 
580.1 


+  .03 
-  .07 
+  .06 


+  1.8 
-4.2 
+  3.6 


5.1 
5.0 


107.6 
103. 5 
107.2 


1,760.6    +  .02 


+  1.2 


+  10.1 


318.3 


213.0 
197.2 
105.1 


Total,  6  hours  515.3 


I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5 p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours) 

1  a.  m.  to  3  a.  m  .. . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  dav  . 


112.3 
95.0 
100.7 


80S.  0 


+  .03 
+  .04 
+  .03 


+  1.8 
+  2.4 
+  1.8 


100.2 
94.7 
100.7 


+  .10  i  +  6.0 


+  12.3 


295.  6 


99.6 
90.1 

93.8 


63.7 
61.3 
63.5 


l\s.5 


59.3 
56.1 
59.6 


175.  0 


59.0 
53.3 
55.5 


.01 


2*3.  5 


167.8 


4, 420. 5 


416.9 
724.  3 
649.9 


461.7 
730.7 
631.1 


1, 823. 5 


206.4 
201.5 


506.7 


126. 


323.  3 


4, 444.  6 


Total,  4  days.  17,1 


+  .05 


-  .10 
+  .07 

-  .02 


.05 


.04 


+  3.0  |+  33.6     1,206.1  I  714.0 


-  6.0  + 
+  4.2  + 

-  1.2  ... 


9.3 
4.0 


102.7 
108.3 
93.7 


3.0 


-2.4 
+10.2 
-5.4 


+  2.4 


+  13.3 


304.7 


4.9 
4.5 
7.6 


97.9 
108.0 
109.4 


+  17.0 


315.3 


60.8 
64.1 
55.  5 


180.4 


58.0 
63.9 
64.8 


1st;.  7 


+  .01 
+  .07 


+  .08 


+  .01 
-  .06 


.6 
4.2 


+  4.8 


+ 


3.6 


+  2.0 


92.4 
105.8 


291. ! 


55.5 
54.7 
62.6 


172.8 


.02  |  +  1.2  |+  32.3 


99.9 
98.3 
95.1 


59.1 
58.2 
56.3 


293.3 


1,205.2  I  713.5 


+  .13 


7.8  |+138.5  |    4,874.6  |  2,885.1 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 
C20. 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
5x60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


W  ater 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Experiment  No.  hi. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 
11  a.  m.  to  1  p.  m . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m . . 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9a.m... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m.  .. 
3  p.  m.  to  5  p.m... 
5  p.  m.  to  7p.m... 

Total,  6  hours 

7  p.  m.  to  9p.m... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 


Calories. 
426.3 
736. 6 
627.  0 


Degrees, 
-0. 09 
-  .02 
+  .03 


1,  789.  9 


498.4 
734.1 
577.3 


218.2 
207.  7 
108.4 


r.:;i.: 


124.  4 


410.7 
731.6 
635.9 


464.3 
705.8 
581.3 


.08 


+  .08 


+  .11 


-  .07 
+  .05 
+  .15 


+  .13 


Cats. 
-5.4 
-1.2 
+  1.8 


Ceils. 
+10.0 
+  4.5 


Grams. 
108.3 
104.5 
97.2 


Calories. 
64.1 
61.9 
57.5 


4.8 


+  4.8 


6.  6 


-  4.2 
+  3.0 
+  9.0 


.05-3.0 
.03  +1.8 
.03    -  1.8 


05 


3.0 


+  .11 


6.6 


.04  -  2.4 
.01  -  .6 
.08    +  4.8 


200.7 
188.7 

88.3 


477.7 


116.9 
112.7 
118.3 


347.9 


449.3 
770.8 
634.5 


1, 854. 


+  .11 


-  .01 
+  ..06 


+  .05 


-  .14 
+  .15 


+  .12 


+  .17 

-  .11 

-  .01 


+  .05 


+  6.6 


.6 

3.6 


+  3.0 


-4.8 
-  8.4 
+  9.0 


4.2 


+  7.2 


+  10.2 
-6.6 
-  .6 


+  3.0 


+14.5 


310.0 


183.5 


+  6.0 
+  4.0 
+  8.5 


109.6 
108.3 
111.  2 


64.9 
64.1 
65.8 


+  18.5 


329. 1 


194.8 


2.2 


94.8 
97.2 
111.9 


56.1 
57.5 


303.9 


179. 


99.7 
100.  8 
101.3 


59.0 
59.7 
60.0 


301 .  S 


178.7 


+  35.2 


1,244.8 


736.  9 


+10.0 
+  5.0 


105.8 
109.7 
113.7 


62.6 
64.9 
67.3 


+  15.0 


+  5.4 
+  4.6 
+  8.2 


329.2 

100.9 
114.  2 
112.  7 


194.  8 


59.7 
67.6 
66.7 


+  18.2 


327.  S 


194.  0 


+  3.: 


93.5 
91.7 
101. 5 


55.4 
54.3 
00.1 


286.7 


169. 


101.3 

94.8 
99.6 


60.0 
56.1 
59.0 


295.  7 


175. 1 


+36.4 


733.7 


+10.6 
+  4.0 


105.3 
109.8 
103.7 


62.3 
65.0 
61.4 


+14.6 


318. 


188.7 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

C20 


(&) 


(c) 


Change  Capaci- 
of  tern-  ty  cor- 
pera-  |  rection 
of  calo- 
rime- 
ter, 


ture  of 
calo- 
rime- 
ter. 


6x60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


(9) 


Total 
heat 

deter- 
mined, 

a+c+ 
d+f. 


1901. 
Mar.  4-5.. 


5-6.. 


6-7. 


Experiment  No.  Ul- 
Continued. 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . .. 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  tola.  m.. 

Total,  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5a.  m.  to  7a.  m... 

Total,  6  hours 

Total,  1  dav. . 


Calories. 
458.8 
702.6 
571.2 


Degrees. 
-0. 14 
+  .04 
+  .05 


1,  732.  6 


.05 


Cals. 
-  8.4 
+  2.4 
+  3.0 


Cals. 
+  5.5 
+  4.5 
+  6.6 


Grams. 
99.5 
106.2 
116.2 


Calories. 
58.9 
62.9 


Calories. 
514.8 
772.4 
649.6 


-3.0 


+  16.6 


321. 9 


190.6 


225. 2 
204.1 
100.8 


530.1 


119.2 
97.1 
122.8 

339.1 


+  .04 


-  .01 
+  .02 


+  .6 
+  3.0 
-1.2 


+  2.6 


92.3 
95.7 
102.1 


54.6 
56.7 
60.4 


+  2.4 


2.6 


2yo.  l 


171.7 


-1.8 
-  .6 
+  1.2 


105.7 
95.6 
101.2 


62.6 
56.6 
59.9 


1.2 


302.  5 


179.1 


4,456.4  |  +  .02 


1.2 


+  33.8 


1. 233. 3 


730.1 


7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 
11  a.  m.  to  1  p.  m .. 

Total,  6  hours  2,011.0 

I  p.  m.  to 3  p.  m  ... 
3  p.  m.  to  5  p.  m... 
5 p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 


422.7  +  .12  +  7.2 
825.0  -  .15  -  9.0 
763.3  i  +  .19  !  +11.4 


+  10.3 
+  4.5 


101.5 
115. 0 
110.3 


60.1 
68.1 
65.3 


.16  +9.6 


+  14.8 


32G.S 


193.  5 


504.2 
705.6 
539.9  I 


.  37  -22. 2 
.14  +  8.4 
.03  +1.8 


+  5.7 
+  5.1 


106.9 
96.5 
112.2 


63.3 
57.1 
66.4 


1,  749.  7 


.20 


-12.0 


+  10.8 


315.  6 


186.8 


I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  k2. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 


208.1 
194.8 
106.3 


+  .03 
+  .05 
+  .01 


+  1.8 

+  3.0 
+  .6 


+  6.5 
+  3.2 


99.4 
97.8 
104.5 


58.8 
57.9 
61.9 


509.2    +  .09    +  5.4 


9.7 


301.7 


178.6 


112.2 
104.2 
115.8 


+  .05  +3.0 

-  .07    -  4.2 

-  .02  -1.2 


105.  3 
102.  9 
100.1 


62.3 
60.9 
59.3 


332.  2 


04 


2.4  . 


182.  5 


4,602.1  I  +  .01    +    .6  j+  35.3 


1,252.4 


i.3     +  .26  i  +15.6  1+140. 


4,  969.  9 


173.0 
102.4 
99.0 


374.4 


122.0 
102.9 
113.0 


+  .08 
+  .02 


-1.2 
+  3.6 
-1.2 


+  1.2 


-4.8 
+  4.8 
-1.2 


17.9     +  .02     +  1.2 


91.4 
70.5 
84.9 


54.1 
41.7 
50.3 


246.8 


146.1 


77.6 
85.2 
88.1 


45.9 
50.4 
52.2 


250.  9 


148.5 


1,  936. 8 


283.0 
263.8 
160.0 


706.8 


180.0 
153.1 


517.0 


5, 221. 5 


840.  0 


551.0 
776.2 
608.1 


1,  935.  3 


275.2 
258.  9 
168.8 


702.9 


177. 5 
160.9 
173.9 


512.3 


5,379.4 


2,942.1  20,966.7 


225.9 
147.7 
148.1 


521.  7 


163.1 
158.1 
166.4 


487.6 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


Experiment  No.  &2— 
Continued. 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 
11  p.  m.  to  1  a.  m  .. 

Total,  6  hours 
1  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.m... 

Total,  6  hours 
Total,  1  day.. 
Experiment  No.  A3. 

I  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6hours 


(a) 


Heat 
meas- 
ured in 
terms  of 

C20- 


Calories. 
116.9 
130.1 
92.1 


).l 


101.8 
99.1 
111.3 


312.2 


1, 363.  6 


438.2 
734.8 
632.9 


568.8 
805. 2 
644.7 


2, 018. 7 


229. 8 
225. 1 
122.3 


577.  2 


124.2 
125.1 
108.7 


358.  0 


471.4 
787.5 
669.5 


1, 928. 4 


487.0 
654.6 
488.4 


264.5 
231.8 
122.5 


618.8 


(b) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Degrees 
-0.09 
+  .05 
-  .02 


.  06 


+  .02 


+  .16 


+  .41 
-  .44 
+  .12 


,  09 


,06 


+  .05 
+  .02 
-  .06 


,01 


-  .02 

-  .01 
+  .12 


+  .09 


+  .13 


.42 
.10 


29 


-  .04 
+  .02 
+  .03 


.01 


-  .11 

-  .04 
+  .05 


10 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
&X60. 


Cats. 
-5.4 
+  3.0 
-  1.2 


+  1.2 


+  8.4 


9.  6 


+  8.4 


+24. 6 
-26. 4 
+  7.2 


+  5.4 


+41.4 
-27. 0 
-18.0 


3.6 


+  3.0 
+  1.2 
-3.6 


+ 


-  1.2 

-  .6 
+  7.2 


+  5.4 


7.8 


+25.2 
-6.0 
-1.8 


+17.4 


-2.4 
+  1.2 
+  1.8 


+  .6 


-6.6 
-2.4 
+  3.0 


6.0 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


Cats. 


-9.9 
+  4.5 


5.4 


-14.0 
+  4.5 
-18.7 


-28.2 


+  4.0 
+  2.4 


+  6.4 


-15.0 
+  4.5 


10.5 


-20.9 
-  4.5 
-22.8 


4.5 
2.4 


(«) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Grams. 
82.0 
81.7 
79.0 


242.  7 


74.0 
76.1 
79.2 


229.  3 


101.1 
108.8 
102.6 


312.  5 


114.2 
108.9 
110.9 


334.0 


97.0 
92.5 
94.3 


283. 8 


103.3 
96.7 
91.5 


291.5 


1, 221. 8 


104.1 
116.9 
105.5 


326. 5 


102.9 
102.1 
109.0 


314.0 


101.6 
97.0 
100. 2 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Calorics. 
48.5 
48.4 
46.8 


143.7 


43.8 
45.1 
46.9 


135.  8 


59.8 
64.4 
60.7 


184.  9 


67.6 
64.5 
65.6 


197.7 


57.4 
54.8 
55.8 


168. 0 


61.2 
57.2 
54.2 


172.  6 


723.2 


61.6 
69.2 
62.5 


193.3 


60.9 
60.4 
64.5 


185.8 


60.2 
57.4 


176.9 


319 


Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Date. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

c20. 


(») 

Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 

Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
&X60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(c) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


1901. 
Mar.  30-31. 


81-Apr.l. 


Apr.  1-2  


Experiment  No.  h$ — 
Continued. 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day. 

7  a.  m.  to  9  a.  m  . . 
9  a.  m.  to  11  a.  m  . 

II  a.  m.  to  1  p.  m  . 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . 
3  p.  m.  to  5  p.  m.. 
5  p.  m.  to  7  p.  m . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m.. 
9  p.  m.  to  11  p.  m. 

II  p.  m.  to  1  a.  m . 

Total,  6  hours 

I  a.  m  to  3  a.  m  

3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a,  m  . . 

II  a.  m.  to  1  p.  m . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5 p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

1  a.  m.  to  3  a.  m  . . . 

3  a.  m  to  5  a.  m  

5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 


Calories. 
121.9 
103.5 
117.5 


Degrees. 


Cats. 


Cats. 


+0. 29 


+17.4 


Grams. 


97.1 
110.2 


Calories. 
58.5 
57.5 
65.2 


342.9 


+  .29 


+17.4 


4, 520. 1 


+  .49 


+29.' 


42.8 


1,245.4 


493.4 
677.9 
590.6 


-  .21 

-  .17 

-  .03 


-12.6 
-10.2 
-1.8 


-  21.5 
+  4.5 


102.4 
95.9 
101.5 


1,761.9 


.11 


-24. 


17.0 


299.8 


538.8 
757.2 
522.5 


.55 
.30 


+33.0 
-18.0 
-5.4 


-  22.9 
+  3.5 

-  23.4 


106.5 
94.7 
105.2 


1, 818. 5 


+  .16 


+  9.6 


42.8 


238.5 
208.7 
102.0 


-3.0 
-3.6 
+  5.4 


+  3.5 
+  2.1 


90.5 
88.3 
100.4 


549.  2 


.02 


1.2 


+  5.6 


279.2 


108.0 
103.0 
105.1 


+  .01 
+  .10 


+  .6 
+  6.0 


100.0 
99.8 
93.9 


316.1 


+  .11 


+  6.. 


293.  7 


.1(1 


9.6 


434.8 
723.8 
559.4 


+  .11 


-  .06 


+  6.6 
-4.8 


-  17.9 

+  3.5 


99.1 
90.4 
91.7 


03 


14.4 


2sl .  2 


484.3 
680.0 
588.4 


-  .07 

+  .02 

-  .02 


-4.2 
+  1.2 
-1.2 


25.6 
3.5 
22.6 


88.4 
101.6 


1, 752.  7 


.07 


4.2 


44.7 


289.1 


242.1 
241. 9 
126.2 


+  .05 
-  .04 


610.2 


+  .01 


+  3.0 
-2.4 


5.0 
2.4 


87.7 
96.2 
103.0 


+  .6 


+  7.4 


2X0.  9 


125.7 
105.4 
87.2 


+  .03 
-  .02 
+  .20 


318.3 


+  .21 


+  1.8 
-  1.2 
+12.0 


102.2 
92.6 
91.3 


+12.6 


2X0.  1 


4, 399. 2 


+  .12  |  +7.2 


51.7 


1, 143.  3 


181.  2 


737.2 


60.6 
56.8 
60.1 


177.5 


63.0 
56.0 
62.3 


181.3 


53.6 
52.3 
59.4 


165.  3 


59.2 
59.1 
55.6 


173.9 


oyx.o 


58.7 
53.5 
54.3 


166.  5 


52.3 
60.2 
58.7 


171.2 


51.9 
56.9 
61.0 


169.  S 


60.5 
54.8 
54.0 


169.3 


18, 124. 8 


+  .58  +34.8 


4, 789.  6 


2,835.2 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

C2Q. 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(0 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Experiment  JSTo.  hk. 
7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 
11  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  

9  a. m.  to  11  a.  m... 

II  a.  m.  to  1  p.  m. . . 

Total,  6  hours 


Calories. 
486.0 
668.4 
614.7 


Degrees 
-0.21 


Cals. 
-12.6 
+  4.8 
-7.8 


Cals. 
-18.9 
+  4.3 


Grams. 
95.8 
98.9 


Calories. 
56.7 
58.5 
57.7 


1,769.1 


.26 


-15.6 


14.6 


292.  1 


458.4 
712.9 
728.6 


+21.6 
-12.0 
-5.4 


-21.5 
+  5.5 
-21.1 


99.0 
100.2 
103.2 


1,899.9 


.07 


4.2 


-37.1 


302.4 


246.9 
210.7 
125.  7 


-  .01 
+  .04 

-  .01 


.6 
2.4 
.6 


+  2.9 
+  2.4 


96.8 
93.4 
99.2 


:>s3. 3 


.02 


+  1.2 


5.  3 


2*9.  I 


110.9 
100.5 
94.3 


-  .01 

-  .04 
+  .31 


-  .6 
-2.4 
+18.6 


305.  7 


+  .26 


+15.6 


97.4 
93.3 
93.5 

284. 2 


+  .09 


5.4 


414.6 
676.8 
615.0 


-  .25 
+  .02 
+  .02 


—15.0 
+  1.2 
+  1.2 


-19.8 
+  3.8 


86.2 
93.3 
90.3 


1,  706.  4 


.21 


-12.6 


■16.0 


209.  8 


471.4 
765. 0 
632.3 


+  .41 

-  .21 

-  .24 


+24.6 
-12.6 
-14.4 


-20.0 
+  4.4 
-16.1 


95.4 
91.5 
110.7 


1,868.7 


.04 


2.4 


-31.7 


297.  6 


236.4 
209.2 
108.6 


-  1.8 

+  4.8 


+  3.8 
+  2.4 


91.0 
87.0 
92.1 


551.2 


+  .05 


95.3 
104.4 
117.  5 


317.2 


.08 


4, 446. 5 


2S 


438.7 
675.  7 
577.8 


1, 692.  2 


+  3.0 


+  6.2 


270. 1 


-  2.4 
+  1.2. 
-3.6 


4.8 


-16.8 


+  1.8 
+  6.6 
-10.2 


1.8 


-41.5 


-19.6 
+  4.4 


93.1 
96.1 
97.1 


286.3 


1,123.8 


89.2 
99.5 
107.1 


295. 8 


172. 9 


58.6 
59.3 
61.1 


179.0 


57.3 
55.3 
58.7 


171. 


57.7 
55.2 
55.4 


168.3 


691.5 


51.0 
55.2 
53.5 


159. 7 


56.5 
54.2 
65.5 


176. 2 


53.9 
51.5 
54.5 


159.  9 


55.1 
56.9 
57.5 


169.5 


665.3 


52.8 
58.9 
63.4 


175.1 
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Table  123. — Summary  of  color imetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 
Con- 


(&) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
5x60. 


Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Experiment  No.  — 
Continued. 

I  p.  m.  to  3  p.  m  

3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m.. 

II  p.m.  to  la.  m... 

Total,  6  hours 

I  a.  m.  to  3  a.  m  

3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m.. 

II  a.  m.  to  1  p.  m.. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . .. 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m.. . 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 

Experiment  No.  U5. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 


Calories. 
503.8 
796.9 
603.1 


Degrees 
+0. 56 
-  .61 
+  .18 


Cats. 
+33.6 
-38.4 
+10.8 


Cats. 

-  21.1 
+  5.5 

-  18.7 


Grams. 
103.7 
106.5 
102.3 


Calories. 
61.4 
63.0 
60.6 


1,  903.  8 


+  .  10 


6.0 


-  34.3 


312. 5 


1*5.0 


240.2 
213.4 
123.  0 


-  .05 
+  .13 

-  .10 


-  3.0 
+  7.8 
-6.0 


2.1 


89.9 
92.1 
90.3 


53.2 
54.5 
53.5 


576.  6 


100.0 
103.9 


301.2 


4, 473. 8 


451.9 
769.1 
682.0 


486.5 
773.8 
657.2 


239.7 
220.6 
109.1 


569. 4 


127.7 
95.4 
116.1 


339. 2 


4,  729. 1 


18,207.4 


428.2 
747.5 
679.9 


1, 855.  6 


02 


1.2 


+  5.9 


272.3 


161.2 


-1.2 
+  2.4 


+  .01 


+  .06 


+  3.6 


-  43.6 


-  .13 
+  .11 
+  .18 


+  6.6 
+10.8 


17.6 
4.9 


+  .16 


+ 


12.7 


.30 
.34 
.08 


+18.0 
-20.4 
+  4.8 


-  22.0 
+  5.5 

-  18.1 


04 


+  2.4 


34.6 


-  .19 
+  .12 

-  .13 


-11.4 
+  7.2 


+  4.9 

+  3.5 


.20 


-12.0 


+  8.4 


+  .02 
+  .01 
-  .01 


+  1.2 
+  .6 
-  .6 


02 


+  1.2 


+  1.2 


1.2 
.6 


20.9 
4.5 


.03 


16.  4 


472.0 
725.4 
535.8 


-1.2 

+  .6 
+  6.6 


19.5 
4.5 
19.9 


1,733.2  | 


+  6.0 


34.9 


91.4 
87.9 
91.8 


54.1 
52.0 
54.3 


271.1 


160.  4 


1, 151.  7 


681.7 


96.6 
105.  6 
100.7 


57.2 
62.5 
59.6 


179.3 


117.8 
103.8 
109.4 


69.7 
61.5 
64.8 


331.0 


196.0 


93.5 
93.9 
100.7 


55.4 
55.6 
59.6 


288.1 


170.6 


101.6 
101.2 
100.5 


60.1 
59.9 
59.5 


179.5 


1,225.3 


725.4  | 


5,  668. 9 


2,763.9 


99.6 
104.3 
109.9 


59.0 
61.7 
65.1 


313.8 


185.8 


103.3 
106.1 
103.1 


61.2 
62.8 
61.0 


312.4 


185. 0 


6000— No.  136—03- 


-21 
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Table  123. — Summary  of  color -{metric  measurements,  etc. —  Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Con. 


(&) 

Change 
I  of  tem- 
pera- 
ture of 
calo- 
rime- 
1  ter. 


Experiment  No.  A5- 
Continued. 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 
11  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 

6  a.  m.  to  7  a.  m  . .. 

Total,  6  hours 
Total,  1  day.. 

Experiment  Xo.  IS. 

7  a.  m.  to  9a.m... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . .. 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . .. 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 


Calories.  Degrees. 
217.0  j  +0.01 
215.9  I  +  .02 


118.2 


551. 1 


118.5 
133.9 
110.0 


362.  4 


4, 502. 3 


512.9 
801.6 
633. 5 


1,948.0 


513.1 
721.7 
671.4 


.07 


-  .04 


.05 
.08 
.01 


(c) 

Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
ftx60. 


Cats. 
+  0.6 
+  1.2 
-  4.2 


2.4 


+  3.0 
-  4.8 
+  .6 


1.2 


.01 


+  .04 


+  .44 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


Cats. 
+  2.4 
+  1.8 


+  4.2 


47.1 


+  2.4 
-19.8 
+26.4 


9.  0 


.05 

.06 


+  .01 


251.6 
194.0 
129.0 


-  .11 
+  .04 
+  .04 


574. 6 


105.9 
107.0 
96.7 


453.6 
690.3 
665.1 


1,809.0 


+  .01 


-  .02 


+  .11 


.32 


485.5  |  +  .43 


718.4 
556. 3 


.19 
.13 


-3.0 
+  3.6 


+  2.4 
+  2.4 


+  .6 
-  1.8 


-1.2 


+  6.6 


-1.8 
-  .6 
-16.8 


-19.2 


+25.  8 
-11.4 
+  7.8 


+22. 2 


249. 4 
201.0 
107.1 


557. 5 


.01 
.01 
.01 


+  .01 


-13.5 
2.4 
-  1.7 


-12.8 


-30.1 
-  1.7 
-40.0 


+  4.0 
+  2.4 


-78.2 


-22.6 

-  1.2 

-  1.7 


-23.1 


-66.4 


+  4.1 
+  3.0 
-2.4 


+  4/ 


(e) 
"Water 
vapor- 
ized, 
equals  to 
tal  excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Grams. 
92.9 
96.1 
90.0 


279. 0 


103.0 
92.2 
92.2 


2X7.  4 


1,192.7 


121.5 
128.1 
120.7 


370.3 


126. 6 
119.5 
129.1 


375.2 


114.8 
114.0 
129.5 


358.3 


118.5 
115.5 
115.0 


349.0 


1, 452. 8 


119.5 
118.0 
121.8 


359.3 


115.7 
127.9 
118.6 


362.2 


116.8 
117.0 
125.5 


359.3 


(/) 


Heat 
rendered 
latent  in 
vaporiza 
tion  of 
water, 
ex  0.592. 


Calories. 
55.0 
56.9 
53.3 


165.2 


61.0 
54.6 
54.6 


170. 


71.9 
75.8 
71.5 


219.2 


75.0 
70.7 
76.4 


2 '-!'_'.  1 


68.0 
67.5 
76.7 


212. 2 


70.1 
68.4 
68.1 


206.6 


860.1 


70.7 
69.9 
72.1 


212.7 


68.5 
75.7 
70.2 


214.4 


74.3 


212.7 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


Experiment  No.  U6 — 
Continued. 

I  a.  m.  to  3a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m... 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  tola.  m.. 

Total,  6  hours 

1  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

Total,  4  days. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Coo- 


Calories. 
104. 2 
100.2 
106.4 


(&) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Degrees. 
-0.02 
-  .02 


310.8  i 


4, 437. 5 


455.0 
688..4 
643.6 


1, 787. 0 


474.1 
709. 2 
555.3 


242.4 
216.5 
98.7 


557.6 


111.7 
105.4 
90.5 


307.6 


428.1 
692.7 
607.4 


1,  728. 2 


481.2 
710.5 
530.1 


1,721.; 


239.9 
200.6 
111.6 


552.1 


106.8 


96.0 


299J 


4,301.7 


17, 867. 4 


,22 


-  .03 
+  .11 


+  .47 


-  .14 

-  .07 
+  .06 


15 


.09 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 


Cats. 

-  1.2 
-1.2 

-  3.6 


6.0 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


Cats. 

-  2.4 

-  2.4 

-  2.4 


7.2 


2.4 


+  4.2 
+  9.6 
-27.  0 


13.2 


+23.4 
-1.8 
+  6.6 


+28.  2 


-8.4 
-4.2 
+  3.6 


9.0 


-2.4 
+  .6 
-3.6 


-5.4 


+  .01 


+  .02 
-  .01 
+  .02 


03 


+  .15 
+  .03 
-  .06 


+  .12 


.03 
.07 


.04 


+  .05 
+  .01 


,  22 


+  1.2 
-  .6 
+  1.2 


+  1.8 


+  9.0 
+  1.8 
-3.6 


+  7.2 


-  1.8 
+  4.2 


2.4 


+  3.0 


+  .6 


+  8.4 


+13.2 


92.0 


-  18.5 
+  1.2 
-  1.7 


19.0 


31.6 
1.7 
32.6 


62.  5 


6.7 
4.3 


70.5 


-  20.2 
+  1.4 

-  1.7 


20.5 


-  33.4 
+  1.7 

-  32.3 


64.0 


6.0 
4.5 


-314.7 


(«) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Grams. 
126.7 
123.0 
112. 6 


362.  3 


1,443.1 


116.8 
131.1 
113.3 


361.2 


124.7 
121.6 
130.0 


376.3 


106.5 
105.3 
124.5 


336.3 


122.6 
109.8 
103.6 


336. 0 


116.0 

118.8 
127.7 


362.  5 


125.4 
120. 9 
120.3 


366. 6 


109.5 
108.7 
124.3 


342.5 


116.6 
112.  3 
108.7 


337.  6 


5,714.9 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Calories. 
75.0 
72.8 


214. 5 


854.  3 


77.6 
67.1 


213. 9 


73.8 
72.0 
77.0 


222. 


63.0 
62.3 
73.7 


199.0 


72.6 
65.0 
61.3 


198. 


834.6 


68.7 
70.3 
75.6 


214.6 


74.2 
71.6 
71.2 


217.0 


64.8 
64.4 
73.6 


202.8 


69.0 
66.5 
64.4 


199. 


834.3 


3, 383. 3 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


Experiment  No.  h7. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 
11  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5p.m... 
5  p.  m.  to  7  p.  m . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.m... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  G  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9p.m... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5a.m... 
5  a.  m.  to  7  a.  m  . . . 

Total,  G  hours 

Total,  1  day 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 


Heat 
meas- 
ured in 
terms  of 

Con. 


(&) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Calories. 
43G.  1 
739. 2 
671.6 


1, 846.  9 


495.  5 
698.5 
588.9 


1, 782. 9 


228.  8 
200.  3 
103.8 


532.9 


106.5 
95.  5 
90.8 


292.  s 


4,455.5 


415.7 
753. 1 
688.6 


1,857.4 


477.5 
688.7 
568.8 


224.7 
198.3 
107.4 


:.:;<).  l 


91.4 
91.0 
91.7 


274. 1 


Degrees. 
+0. 08 
+  .10 
-  .05 


+  .13 


-  .09 
+  .06 
4-  .01 


02 


-  .14 
+  -01 
+  .04 


09 


.05 
.07 


10 


+  .28 

-  .05 

-  .15 


+  .08 


+  .08 
-  .01 
+  .02 


.09 


.02 


-  .08 
+  .06 

-  .02 


.  04 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
&x60. 


Cats. 
+  4.8 
+  6.0 
-3.0 


+  7.8 


-5.4 
+  3.6 
+  .6 


1.2 


-  8.4 
+  .6 
+  2.4 


5.  4 


3.0 
4.2 


6.0 


+16.8 
-3.0 
-9.0 


4.8 


+  4.8 
-  .0 
+  1.2 


+  5.4 


-7.2 
+  8.4 
-  2.4 


1.2 


4.8 
3.6 
1.2 


2.  1 


461.5 
765. 4 
673.2 


1, 900. 1 


11  +6.6 


+  .08 


+11.4 
+  12.0 
-18.6 


+  4.! 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Cats. 
-19.9 
+  2.9 
-1.7 


-18.7 


-27.2 
+  2.7 
-33.3 


■57.8 


+  9.0 
+  4.5 


+13.5 


-G3.0 


-18.4 
+  3.2 
-1.7 


-16.9 


-30.0 
-  2.6 
-33.0 


+  5.9 
+  5.4 


+11.3 


6G.0 


-22. 5 
+  2.6 
-1.7 


-21.6 


Calories. 
113.3 
133.9 
118.7 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


124.0 
131.9 
116.4 


372.  3 


97.7 
104.9 
121.  7 


324.  3 


117.6 
111.3 
101.6 


330.  5 


1,393.0 


115.7 
131.9 
119.0 


3GG.  6 


124.2 
119.7 
122. 5 


366.  1 


111.8 
114. 5 
127.6 


35:;.  9 


112.5 
112.5 
91.1 


316.1 


1,403.0 


119.1 
126. 6 
129.4 


375. 1 


Calorics. 
67.1 
79.3 
70.3 


216.7 


73.4 
78.1 
68.9 


220.  4 


57.8 
62. 1 
72.1 


192.0 


69.6 
65.9 
60.1 


195. 


824.  7 


68.5 
78.1 
70.4 


217.0 


73.5 
70.9 
72.5 


21G.<I 


66.2 
67.8 
75.  5 


209.  5 


66.6 
66.6 
53.9 


187.1 


).  5 


70.5 
74.9 
76.6 


222.0 


(<7) 
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Table  123. — Summary  of  calori.meiric  measurements,  etc. — Continued. 


Date. 

Period. 

(a) 

Heat 
meas- 
ured in 
terms  of 

Co0. 

(6) 

Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 

(c) 

Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter. 
6x60. 

(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 

(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 

(/) 

Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 

Uf) 

Total 
heat 
deter- 
mined, 
a+c+ 
d+f. 

1901. 
May  9-10  ... 

Experiment  No.  J,7 — 
Continued. 

1  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m  . . . 

Calories. 
474.6 
687.5 
555.8 

Degrees. 
-0. 01 
+  .11 
-  .09 

Cals. 
-0.6 
+6.6 
-5.4 

Cals. 

-  25.5 
+  1.6 

-  30.2 

Grams. 
123.3 
131.1 
128.5 

Calories. 
73.0 
77.6 
76.1 

Calories. 
521. 5 
773.3 
596.3 

Total,  6  hours 

1,717.9  !  +  .01 

+  .6 

-  54.1 

382.  9 

226.7 

1, 891. 1 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  .. 
11  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

1  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

218.4 
215. 7 
107.2 

—  .  01 
+  .01 

-  .6 
+  .6" 

+  8.2 

+  5.3 

112.5 
115.5 
128.4 

66.6 
68.4 
76.0 

293. 2 
288.8 
183.8 

541.3 

+  13.5 

356.4 

211.0 

765.8 

103.1 
92. 6 
88.9 

—  .  01 

—  .12 

-  .6 
—7. 2 

112.4 
118.4 
103.3 

66.5 
68.9 
61.2 

169.6 
160.9 
142.9 

284.6 

-  .13 

-7.8 

332.1 

196.6 

473.  4 

4, 443. 9 

-  .04 

-2.4 

-  62.2 

1, 446. 5 

856. 3 

5,  235.  6 

10-11            7  a.  m.  to  9  a.  m  ... 

9  a.  m.  to  11  a.  rn  .. 
11  a.  m.  to  1  p.  m  . . 

450. 5 
772. 2 
672.0 

+  .11 

+  .10 
-  .06 

+6.6 
+6.0 
-3.6 

-  19.5 
+  1.8 

125.  2 
131.1 
121.8 

74.1 
77.6 
72.1 

511.7 
857.6 
738.8 

11-12 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m . . 

II  p.  m.  to  1  a.  m  .. 

1, 894.  7 

+  .15 

+9.0 

-  19.4 

378.1 

223.8 

2, 108. 1 

476.4 
764.1 

628.7 

+  .03 

-  .02 

-  .03 

+1.8 
-1.2 
-1.8 

-  31.6 
+  2.1 

-  33.8 

127.0 
125. 3 
132. 3 

75. 2 
74.2 
78.3 

521.8 
839.2 
671.4 

1,869.2 

—  .02 

-1.2 

-  63.3 

384.  6 

227.7 

2, 032. 4 

217.2 
219.7 

+  .01 
-  .03 
+  .03 

+  .6 
-1.8 
+1.8 

+  8.4 
+  4.9 

113.5 
118.2 
127.0 

67.2 
70.0 
75.2 

293.4 
292.8 
173.2 

Total,  6  hours 

533. 1 

+  .01 

+  .6 

+  13.3 

358.  7 

212.4 

759.4 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  Ida j-.. 

Total,  4  days. 

Experiment  No.  !&. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

95.5 
88.6 
84.6 

-.04 
+  .04 
-  .01 

-2.4 
+2.4 
-  .6 



125.  6 
119.1 
110. 2 

74.4 
70.5 
65.2 

167. 5 
161.5 
149.2 

268.7 

-  .01 

-  .6 



354.9 

210. 1 

478.2 

4,  565. 7 

+  .13 

+7.8 

-  69.4 

1, 476.  3 

874.0 

5, 378. 1 

17,862.0 

+  .10 

+6.0 

-260.  6 

5,  718. 8 

3,385.5  j  20,992.9 

442.4 
722.5 
655. 7 

-  .02 
+  .01 

-  .08 

—1.2 
+  .6 
-4.8 

-  28.3 
+  1.2 

-  1.7 

113.0 
125.2 
131.2 

66.9 
74.1 
77. 7 

479.8 
798.4 
726.9 

1, 820.  6 

-  .09 

-5.4 

—  28.8 

369.4 

218.7 

2, 005. 1 

487.8 
736.9 
514.4 

+  .03 
+  .04 
+  .08 

+1.8 
+2.4 
+4.8 

-  36.3 
+  1.2 

-  31.0 

117.6 
126.3 
132.0 

69.6 
74.8 
78.1 

522.9 
815.3 
566.3 

1,739.1 

+  .15 

+9.0 

-  66.1 

375.9 

222. 5 

1,904.5 
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Table  123. — Summary  of  color imetric  measurements,  etc. — Continued. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Coo- 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
bx60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 

in  out 
going  air 
plus  ex 
cess  re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Experiment  No.  U8 — 
Continued. 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 
11  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day  . 

Experiment  No.  A9. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m . . 

II  p.  m.  tola.  ra.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m.. 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m 

Total,  6  hours 


Calories. 
220.9 
230.  2 
102.2 


Degrees 
-0. 02 
+  .01 
+  .02 


Cals. 
-1.2 
+  .6 
+  1.2 


Cals. 
+  5.5 
+  3.0 


Grams. 
120.  £ 
118.  £ 
131.  £ 


Calories. 
71.6 
70.3 
77.7 


553. : 


,01 


+  .6 


+  8.5 


371.0 


120. 5 
108.4 
84.4 


-  .06 
+  .01 


3.6 
.6 
4.8 


313.3 


4, 426.  3 


.  06 


3.6 


503.1 
692. 5 
587.6 


.45 
.75 
.24 


+27.0 
-45.0 
+  14.4 


1,783.2 


.06 


3.6 


-86.4 


+  5.6 


131.2 
130.9 
110.9 


373.0 


1,489.3 


118.6 
95.8 
100.2 


-28.2 


314.6 


526.5 
794.8 
737.6 


.57 
.15 
.45 


+34.2 
+  9.0 
-27.0 


2, 058. ' 


+  .27  +16.2 


286. 6 
240.0 
153.7 


-  .32 
+  .32 

-  .41 


680. 


41 


-19.2 
-19.2 
-24.6 


-24.  6 


-41.8 
+  5.8 
-42.1 


-78.1 


+  4.4 
+  2.8 


123. 0 
106:2 
109.8 


.04 


.06 


1,861.4 


.27 


461.1 
727.5 
613.2 


+  .21 
+1.29 
-1.29 


+  .21 


516.0 
741.9 
560.1 


1,818.0 


248.9 
222. 9 
125.3 


597.1 


-2.4 
+  1.8 
-3.6 


4.2 


-16.2 


+12.6 
+  77.4 
-77.4 


+  12. 


-13.8 
+  6.6 


7.2 


-2.4 
+  19.8 
-25. 2 


7.X 


-31.9 
-  4.9 


-27.0 


-41.0 
-  4.9 
-42.8 


-78.9 


4.4 
2.8 


+  7.2 


101.5 
113.0 
110.7 


325. 2 


118.7 
108.1 
104.8 


331.6 


101.7 

95.6 
95.6 


292. 9 


87.7 
112.3 
95.9 


295.! 


98.1 
102.3 
103.5 


404. 8 
103.2 
96.7 


304.7 


219.6 


77.7 
77.5 
65.7 


220.  9 
~88lT 


70.2 
56.7 
59.3 


180.  2 


60.1 
66.9 
65.5 


192. 5 


70.3 
64.0 
62.0 


196. 


60.2 
56.6 
56.6 


173.4 


748.4 


51.9 
66.5 
56.8 


175. 2 


58.1 
60.5 
61.3 


179.9 


62.1 
61.1 

57.2 


180.4 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Date. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Con. 


(6) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
bx60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


1902. 
Mar.  28-29. 


29-30  


Mar.  31-Apr.  1. 


Experiment  No.  A9 — 
Continued. 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day  . 

Total,  3  days. 

Experiment  JVo.  50. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5 p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.m.. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 


Calories. 
125.3 
99.3 
111.3 


Degrees. 


Cats. 


Cats. 


+0.20 


+12.0 


Grams. 
97.9 
91.6 
89.5 


Calories. 
57.9 
54.2 
53.0 


335.! 


,20 


+  12.0 


279.0 


165.1 


+  .16 


+  9.6 


700.6 


444.3 
641.4 
563.4 


+  .36 

-  .57 

-  .24 


+21.6 
-34.2 
-14.4 


-  33.2 
+  4.6 


86.4 
84.1 
96.4 


51.1 
49.8 
57.1 


45 


27.0 


-  28.6 


158.0 


462.4 
686.7 
643.9 


+  .54 
+  .48 
-  .35 


+  32.4 
+28.8 
-21.0 


-  41.3 
+  4.4 

-  43.3 


88.1 
102.7 


52.2 
60.8 
59.0 


1,  793. 0 


+  .67 


+40.2 


SO.  2 


290.  5 


172.  0 


289.3 
256.7 
136.8 


682. 8 


19 


-11.4 
+  5.4 
-10.8 


4.4 
2.8 


89.7 
98.2 
106.6 


53.1 
58.1 
63.1 


.28 


■10.8 


294.5 


174.3 


129.8 
123.1 
121.0 


373.9 
4, 498. 8 


.06 
.10 


3.6 
6.0 


102.5 
102.7 
92.6 


60.7 
60.8 
54.8 


13,  913. 0 


446.2 
682.6 
660.0 


+  .04 
-  .02 


+  2.4 


297.8 


176.3 


1, 149.  7 


.  13 


7.8 


299.  1 


3,597.5 


2, 129. 6 


+  .20 
+  .12 
-  .33 


+12.0 
+  7.2 
-19.8 


-  42.4 

-  2.5 


88.3 
105.  7 
103.5 


52.3 
62.6 
61.2 


1,788.8 


,01 


297.5 


176.1 


473.8  -  .21 
273.6  +  .18 
201.0    -  .03 


-12.6 
+10.8 
-1.8 


-  63.4 
+  4.5 


93.7 


55.5 
56.0 
57.7 


948.4 


3.5 


58.9 


2X5.  8 


169.2 


221.0 
197.7 
89.5 


03 


1.8 


95.5 
85.4 
94.8 


56.5 
50.6 
56.1 


508.2 


275.  7 


163.2 
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Table  123. — Summary  of  color imetric  measurements,  etc. — Continued. 


1902. 
Mar.  31-Apr.  1 


Period. 


Experiment  No.  50 — 
Continued. 

I  a.  m.  to  3  a.  m , . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

Experiment  No.  51. 
7  a.  m.  to  9  a.  m  .... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  ... 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  ra.  to  9  p.  m  . . . 
9  p.m.  to  1 1  p.  m  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . .. 
5  a.  m.  to  7  a.  m  ... 

Total,  G  hours 

Total,  1  day.. 

Total,  2  days. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Con. 


Calories. 
114.4 
117.1 
103.1 


334.6 


(&) 


Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


Degrees 
-0. 03 


.06 


.  09 


3,580.0    -  .19 


210. 6 
124.8 
129.8 


465.  2 


155.7 
143.9 
151.5 


451.1 


176.5 
157.1 
154.3 


487.9 


101.9 
111.1 
114.2 


327.  2 


1,731.4 


222.  8 
184.0 
182.5 


589.3 


+  .18 


.  22 


-  .18 

-  .04 
+  .12 


.  10 


.11 

.40 
.48 


.  03 


-  .12 
+  .12 
+  .04 


.04 


(c) 


Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 


Cals. 
-  1.8 


3.6 


5.4 


+  2.4 


+10.8 


+  13.2 


-10.8 
2.4 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


Cals 


(e) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Crams. 
93.8 
92.0 
85.7 


271. 5 


+  2.7 


2.7 


+  2.6 


6.0 


+  6.6 
+24.  0 

-28.8 


+  1. 


-  7.2 
+  7.2 
+  2.4 


+  2.4 


+  11.4 


7.8 
1.8 
3.6 


1,130.5 


80.0 
78.7 
87.6 


246.  3 


79.8 
85.4 
85.4 


+  8.5 


3.2 
.2 
21.4 


18.4 


174.6 
152.4 
155.1 


482. 1 


1.8 
1.8 


.1 
19.0 


19.1 


154. 0 
154.7 
113.4 


422. 1 


333.3 


1,826.8 


3, 558. 2 


+  .20 
+  .07 
-  .03 


+  .24 


.  22 


-  .03 


+12.0 
+  4.2 
-  1.8 


+  14.4 


9.0 
5.4 


13.2  |-  37.5 
Hi 


.8  -  29.0 


250.  (i 


97.3 
90.2 
85.0 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Calories. 
55.5 
54.5 
50.7 


160.7 


47.4 
46.6 
51.8 


145.8 


47.2 
50.6 
50.6 


148.4 


57.6 
53.4 
50.3 


272.5 


161.3 


93.7 
86.0 
82.9 


262.6 
1, 032. 0 


92.2 
89.9 
81.7 


263.  8 


70.3 
76.3 
84.1 


230.7 


81.9 
75.2 
81.1 


23S.2 


77.2 
74.7 
81.7 


55.5 
50.9 
49.1 


155.  5 


611.0 


54.6 
53.2 
48.4 


156.  2 


41.6 
45.2 
49.8 


136.6 


48.5 
44.5 
48.0 


141.0 


45.7 
44.2 
48.4 


233.6  I 


138.3 


1,998.3  I  1,183.1 


2, 348. 2 


4,710.5 
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Table  1.23. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


Experiment  No.  52. 

7  a.  m.  to  9  a.  m . . . 
9  a.  m.  to  11  a.  m  .. 
11  a.  m.  to  1  p.  m  . . 

Total,  G  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . .. 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  rn.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . .. 
5  a.  m.  to  7a.m... 

Total,  6  hours 

Total,  lday.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  lp.m.. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m... 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m  .. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  lday.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 


(.a) 


Heat 
meas- 
ured in 
terms  of 


Calories. 
404.6 
648. 2 
627.2 


1,680.0 


529.8 
853.  9 
709.5 


2, 093. 2 


262.2 
249.6 
150.2 


662.  0 


133.4 
118.3 
97.6 


349.  3 


4,784.5 


426.3 
698.8 
651.8 


1,776. 


464.2 
720.  8 
553.  9 


(&) 

Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 


-0. 12 

-  .23 

-  .23 


.12 


(c) 

Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
bx60. 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


Cats. 
-7.2 
+13.8 
-13.8 


Cats. 
-14.3 
+  2.4 


7.2  | 


11.! 


35 


+  .08 
-  .12 
+  .17 


+  .13 


.12 


+  .07 
+  .08 
-  .28 


13 


+  .12 


1,738.9  |  +  .24 


246.8 
218.6 
137.1 


602.5  I 


133.8 
118.2 
95.2 


347.2 


422.6 
679.5 
659.6 


1,761.7 


-  .17 

+  .18 


+  9.0  i 
+  1.2  i 
+10.8  I 


-18.0 
+  1.7 
+  15.6 


+21.0  |  -31.9 


+  1.2 

-22.8  J 
-7.2|. 


.1 

3.0 


-28.8  |+2.9 


-  4.8  |. 

-  7.2  I. 
-10.2  I. 


7.8 


7.2 


+  4.2 
+  4.8 
-16.8 


-7.8 

+  9.0 
-1.8 
+  7.2 


+  14.4 


-3.0 
-4.2 
-1.2 


-10.2 
-10.8 


.01 


,02 


1.2 


-  .07 
+  .45 


+  .05 


-  4.2 
+27.0 
-19.8 


3.0 


•40.9 


-9.7 
+  2.4 

-  .3 


7.6 


-17.4 
+  2.1 
-16.6 


31.9 


+  2.5 


Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Grams. 
93.5 
110.4 
106. 3 


Ml  0.2 


102.8 

112.  7 

113.  7 


329.  2 


107. 2 
100.8 
110.7 


318.7 


96.5 
90.3 
93.8 


1,238.7 


97.2 
116.7 
114.5 


328. 4 


116.7 
103.5 


(/) 

Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


Calories. 
55.4 
65.4 
62.9 


314.5 


107.9 
102.1 
102.3 


2.5 


312.3 


-37.0 


-3.1 
+  2.5 
-  .3 


104.2 
87.5 
90.1 


281.8 


91.5 
115. 7 
107.6 


.9 


314.! 


183.7 


60.9 
66.7 
67.3 


194.  9 


63.5 
59.7 
65.5 


18.S.  7 


57.1 
53. 5 
55.5 


166.1 


733.4 


57.5 
69.1 
67.8 


194.4 


55. 


63.9 
60.4 


184. 


61.7 
51.8 
53.3 


166.8 


732.3 


54.2 
68.5 
63.7 


186.4 


469.5 
777. 5 
703.2 

1,950.2 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Coo- 


(6) 


Change  Capaci 


of  tern 
pera- 

ture  of 
calo- 
rime- 
ter. 


ty  cor- 
rection 
of  calo- 
rime- 
ter, 
bx60. 


(*) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


.(flO 


Total 
heat 
deter- 
mined, 
a+c+ 
d+f. 


Experiment  No.  52 — 
Continued. 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  ... 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  tola.  ra.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  lday.. 

Total,  3  days. 

Experiment  No.  53. 

7  a.  m.  to  9  a.  m  . . . 

9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m ...  I 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m.J 

II  p.  m.  to  1  a.  m .. 

Total,  6  hours 

1  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ...  - 
5  a.  m.  to  7  a.  m  ... 


Calories. 
424. 2 
779.3 


Degrees. 
+0.87 

-  .80 

-  .10 


Cals. 
+52.  2 
-48.0 
-  6.0 


Cals. 

-  17.8 
+  2.7 

-  12.4 


Grams. 
112. 0 
95.9 
109.5 


Calories.  Calories. 
66.  3  524. 9 

56.8  ;  790.8 

64.8  |  654.7 


233.  8 
217.  7 
134.0 


585. 5 


135.1 
113.2 
97.2 


345.  5 


4, 504. 5 


13,  754. 5 


405.3 
697.9 
687.5 


415.2 
678.6 
591.0 


1, 684. 8 


226.  5 
226.2 
132.1 


584. 


116.0 
85.6 
99.0 


Total,  6  hours  300.6 
Total,  1  day..  4,360.9 
7  a.  m.  to  9  a.  m  . . 


1.8 


-  27.5 


317.4 


187.9  |  1,970.4 


.05  +3.0 
.05  -  3.0 
.05  +3.0 


3.0 


107.6 


60.1 
58.2 
63.7 


.05 


3.0 


307.4 


182.  0 


299. 9 
272.9 
200. 7 

773.5 


-  .20  -12.0 
+  .10  +6.0 

-  .10     -  6.0 


97.4 
98.8 
99.5 


57.7  180.8 
58.5  I  177.7 
58.9  150.1 


20 


.13 


+  .33 
-  .28 
-1.03 


+1.08 
+  .12 


+  1.12 


.01 


12.0 


295. 7 


175.1 


7.8 


25.4  1,235.: 


731.4 


-103.3  I  3,711.0 


2, 197. 1 


+19.8 
-16.8 
-61.8 


-  13.4 
+  2.7 


10.7 


93.2 
83.6 
100.2 


55.2 
49.5 
59.3 


277. 0 


164.0 


+64.8 
+  7.2 
-4.8 


-  19.0 
+  2.2 

-  20.1 


91.2 
106.  0 
105.8 


54.0 
62.8 
62.6 


15, 832. 1 


466.9 
733.3 
685.0 


515.0 
750. 8 
628.7 


+67.2 


303.0 


179.4  1,894.5 


+  6.0 
+  1.2 
-7.8 


+  2.9 


92.1 
93.8 
116.7 


54.5 
55.5 
69.1 


287.0 
285. 8 
193.4 


+  2.9 


302.  6 


179.1 


766.2 


-  .12 
+  .10 


+  .01 


-7.2 
+  6.0 
+  1.8 


+ 


9  a.  m.  to  11  a.  m  .. 
11  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

1  p.  m.  to  3  p.  rn  ... 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 


409.9 
752.2 
651.3 


+  .28 

-  .08 

-  .55 

-  .35 


+16.8 
-4.8 
-33.0 


16.8 
2.1 


-21.0 


14.7 


458.4 
753.3 
617.8 


.53 
.05 
.17 


+31.8 
+  3.0 
-10.2 


19.3 
2.8 
18.0 


1,829.5  I  +  .41  +24.6 


34.5 


103.6 
106.2 
96.7 


::o<;.:> 


92.7 
109. 5 
87.1 


2X9.  3 


61.3 
62.9 
57.3 


181.5 


704.0 

54.8 
64.8 
51.6 


171. 2 


170.1 
154.5 
158.1 


482.7 


464.7 
814.3 
669.9 


101.2 
112.8 
108.0 


322.0 


59.9 
66.8 
63.9 


190.6 


530. 8 
825.9 
653.5 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 

Con. 


(&) 

Change 
of  tem- 
pera- 
ture of  of  calo- 
calo-  rime- 
rime-  j  ter, 
ter.  &x60. 


(c) 


Capaci- 
ty cor- 
rection 


(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to 
tal  excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


(/) 

Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 


(SO 


Total 
heat 
deter- 
mined, 

a+c-r 
d+f. 


Experiment  Xo.  53 — 
Continued. 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m.. 
11  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  ... 
9  a.  m.  to  11  a.  m  .. 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3 p.  m  ... 
3  p.  m.  to  5  p.  m... 
5  p.  m.  to  7  p.  m... 

Total,  6  hours  j 

7  p.  m.  to  9  p.  m . . . 
9  p.  m.  to  11  p.  m.. 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

I  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6hours 

Total,  1  day .. 

Total,  3  days. 

Experiment  No.  5U. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  .. 

Total,  6  hours 

I  p.  m.  to  3  p.  m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours  | 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  to  1  a.  m 

Total,  6  hours 


Calories. 
226. 1 
206.2 
137.4 


Degrees. 
+0. 05 


Cats. 
+  3.0 


Cats. 
+  3.0 


.13 


569.7 


.08 


105.! 
102.! 
110.! 


-  .10 
+  .15 


-6.0 
+  9.0 


319.0    +  .05 


4,531.6  + 


+  1.) 


428.3 
787.1 
653.4 


+  .03 
+  .02 
-  .20 


5U8.  - 


240. 5 
214.0 
134.6 


118.2 
120.5 
126.7 


365.4 


4,652.5 


13, 545. 0 


1,  789. 7 


458. 
739. 
611. 


234. 
228. 
127. 


15 


+  .23 
+  .05 
-  .02 


26 


+  1.8 
+  1.2 
-12.0 


Grams. 
95.5 
103.1 
111.0 


Calories. 
56.5 
61.1 
65.7 


+  3.0 


-  46.2 


15.6 
1.4 


14.2 


+13.8  -  23.3 
+  3.0  +  2.6 
-1.2  -  22.9 


+15. 


-  .13 
+  .10 

-  .05 


-7.8 
+  6.0 
-3.0 


43. 


+  2.9 


+  2.9 


-6.0 
+  7.2 
-7.2 


6.0 


.07-4.2  -  54 


+  .10    +  6.0  -145. 


+  .80 


+16.2  -  20.2 
-16.8  +  2.1 
-40.8  


-41.4 


18.1 


+46.2  -  21.7 
+  7.8  +  1.9 
-6.0  -  17.6 


+48.0  -  37.4 


+  3.0  +  2.7 

-  7.2   

+  4.2   


2.7 


309.6 


183. 


95.5 
97.5 
85.7 


56.5 
57.7 
50.8 


278. 


165.  0 


1, 199.  6 


no.i 


90.9 
110.3 
111.6 


53.8 
65.3 
66.1 


312.8 


100.9 
107.5 
103.3 


311.7 


101.4 
102.7 


301.9 


95.0 
99.4 
86.1 


280.5 


1, 206. 9 


3,  595.  6 


101.1 
90.1 


107. 


294.2 


185.  2 


59.7 
63.6 
61.2 


184.5 


57.9 
60.0 


178.  7 


56.2 
58.9 
51.0 


166.1 


714.5 


2, 128.  6 


51.9 
59.9 
53.3 


165. 1 


53.2 
63.7 
57.3 


174.2 


89.0  52.7 
103.4  j  61.2 
105.3  62.3 


297.7 


176.2 


Calories. 
285.6 
270.3 
195.3 


751.2 


162.3 
154.0 
170.7 


487.0 


5, 197.  3 


468.3 
855.0 
707.5 


558.4 
842.5 
584.8 


290.6 
282.9 
192.4 


765.9 


168.4 
186.6 
170.5 


525.  5 


15, 533. 8 


464.3 
785.1 
645.  9 

1,895.3 


536.0 
813.1 
645.4 


1, 994. 5 


292. 6 
282.0 
193.9 


332 

Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Period. 


(a) 


Heat 
meas- 
ured in 
terms  of 
Con. 


(&) 


(c) 


Change  Capaci- 
of  tern-  ty  cor- 
pera-  reetion 
ture  of  of  calo- 
calo-  rime- 
rime-  ter, 
ter.  b  x  60. 


(*) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 


(«) 
Water 
vapor- 
ized, 
equals  to- 
tal excess 

in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 


Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
exO.592. 


Experiment  No.  5k — 
Continued. 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3  p.  m  . . . 
3  p.  m.  to  5  p.  m . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  .. 

II  p.  m.  tola.  m.. 

Total,  6  hours 

I  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  ... 
5  a.  m.  to  7  a.  m  ... 

Total,  6  hours 

Total,  1  day.. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 

II  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

I  p.  m.  to  3 p. m  ... 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  ... 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m  . . 

II  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

1  a.  m.  to  3  a.  m  ... 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . . . 

Total,  6  hours 

Total,  1  day.. 

Total,  3  days. 


Calories. 
128.0 
111.5 
113.  6 


Degrees. 
-0.12 

-  .03 

-  .02 


Cals. 

-  7.2 

-  1.8 

-  1.2 


Cals. 


Grams. 
112.4 
95.4 
87.9 


Calories. 
60. 5 
56.5 
52.0 


353. 1 


17 


10.2 


295. 7 


4, 542. 1 


3.  6 


52.  8 


452. 2 
809.1 
696.2 


+  .50 
-  .50 


+30.0 
-30.0 
-55. 8 


1,166.4 


109.6 
103.8 
78.1 


1, 957.  5 


.  93 


55. 


13.3 


291.5 


442. 6 
811.4 
483.3 


+  1.17 
+  .17 


1,737.3 


■1.01 


240.9 
220.0 
127.6 


-  .08 

-  .07 
+  .08 


588.  5 


,07 


123.1 
116.8 
102.7 


+  .17 


342.  6 


+  .07 


458.4 
797.1 
699.4 


484.9 
654. 4 
550.2 


.37 


+  .41 


207.8 
201.9 
125.9 


+  .18 

-  .02 

-  .07 


535.6 


+  .09 


118.6 
110.0 
107.2 


335.! 


.04 


+  70.2 
+  10.2 
-19.8 


-  18.6 
+  1.6 

-  18.6 


+60.6 


35.6 


-4.8 
-4.2 
+  4.8 


2.9 


-4.2 


120.0 
80.7 
71.3 


272.  0 


94.8 
90.5 
98.4 


2*:s.  7 


-  4.8 
+10.2 

-  1.8 


+  3.6 


+  4.2 


+24.0 
-16.2 
-  22.8 


14.8 
1.9 


15.0 


12.9 


98.4 
97.5 
86.6 


282.5 


94.5 
97.9 
112.  2 


304.  6 


+  18.0 
+28.8 
-22.2 


20.7 
1.1 
16.6 


+24.6 


36.  2 


102.1 
115.  3 


317.0 


+10.8 
-1.2 
-4.2 


+  5.4 


-7.8 
+  4.2 
+  1.2 


2.4 


4, 515.  8 


+  .21 


13, 683. 1 


+  .22 


+  12.6 


+13.2 


+  2.2 


+,  2.2 


46.9 


115. 2 
99.9 
102.0 


317.1 


107.2 
105.5 
88.6 


301.3 


1,240.0 


Calories. 
187.3 
166.2 
164.4 


175.  0  j 


f  11)0.5 


64.9 
61.5 
46.2 


172.  6 


71.0 
47.8 
42.2 


161.0 


56.1 
53.6 
58.3 


168.0  | 


58.2 
57.7 
51.3 


167.  2 


60S. 


55.9 
58.0 
66.4 


180.3 


59.0 
60.4 
68.3 


187.7 


68.2 
59.1 
60.4 


187.  7 


63.5 
62.5 
52.4 


734.1 


-145.7  |    3,536.1  2,093.4 
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Table  123. — Summary  of  calorimetric  measurements,  etc. — Continued. 


Date. 

Period. 

(a) 

Heat 
meas- 
ured in 
terms  of 

CoQ. 

(6) 

Change 
of  tem- 
pera- 
ture of 
calo- 
rime- 
ter. 

(c) 

Capaci- 
ty cor- 
rection 
of  calo- 
rime- 
ter, 
6x60. 

(d) 

Correc- 
tion 
due  to 
tem- 
pera- 
ture of 
food 
and 
dishes. 

(8) 

Water 
vapor- 
ized, 
equals  to- 
tal excess 
in  out- 
going air 
plus  ex- 
cess re- 
sidual 
vapor. 

(/) 

Heat 
rendered 
latent  in 
vaporiza- 
tion of 
water, 
ex  0.592. 

(sO 

Total 
heat 
deter- 
mined, 

a+c+ 
d+f. 

1902. 
Apr.30-Mayl... 

Experiment  No.  55. 

7  a.  m.  to  9  a.  m  . . . 
9  a.  m.  to  11  a.  m  . . 
11  a.  m.  to  1  p.  m  . . 

Total,  6  hours 

1p.m.  to  3  p.  m . . . 
3  p.  m.  to  5  p.  m  . . . 
5  p.  m.  to  7  p.  m  . . . 

Total,  6  hours 

7  p.  m.  to  9  p.  m  . . . 
9  p.  m.  to  11  p.  m 
11  p.  m.  to  1  a.  m  . . 

Total,  6  hours 

1  a.  m.  to  3  a.  m  . . . 
3  a.  m.  to  5  a.  m  . . . 
5  a.  m.  to  7  a.  m  . .. 

Total,  6  hours 

Total,  1  day.. 

Calories. 
612.0 
931.4 
878. 8 

Degrees. 
+0.45 
-  .32 
+  .  12 

Cats* 
+27.0 
-19. 2 
+  7.2 

Cals. 
-15.6 
+  1.7 

Grams. 
121.4 
116.6 
133. 8 

Calories. 
71.9 
69.0 
79. 2 

Calories. 
695.3 
982.9 
965. 2 

2  422.2 

+  .  25 

+15. 0 

—13.  9 

371. 8 

220. 1 

2,  643. 4 

650.7 
925.1 
727. 5 

-  .12 
+  .12 

—  .  20 

-  7.2 
+  7.2 
—12. 0 

—18.6 
+  1.5 
—18. 0 

126.9 
121. 4 
138. 3 

75.1 
71.9 
81. 9 

700.0 
1,005.7 
779. 4 

2  303.  3 

—  20 

—12  0 

—35. 1 

386. 6 

228. 9 

2  485. 1 

674.7 
889.3 
829. 6 

+  .15 
-  .20 
_  03 

+  9.0 
-12.0 
—  1.8 

+  2.4 
+  2.9 
—16. 4 

127.  7 
131.7 
112. 5 

75.6 
77.9 
66.  6 

761.7 
958.1 
878. 0 

2  393. 6 

  _  os 

—  4. 8 

—11. 1 

371. 9 

220. 1 

2  597. 8 

113. 2 
447.1 
807.0 

+  .02 
+  .12 
-  .18 

+  1.2 
+  7.2 
-10.8 

+  3.5 

122.2 
130.8 
113.2 

72.4 
77.4 
67.0 

190.3 
531.7 
865.4 

+  2.2 

1,367.3 

-  .04 

-  2.4 

+  5.7 

366.2 

216.8 

1,587.4 

8,486.4 

-  .07 

-  4.2 

-54.4 

1,496.5 

885.9 

9,  313. 7 
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Total, 
1  day. 

Cals. 
2,252.8 
2,026.9 
1,946.1 

2, 362. 3 
2, 348. 2 

i 

cm' 

§ 

CM- 

2,413.9 

2, 412. 9 
2,374.8 

| 
cm" 

4, 134. 0 
9, 313.7 

4, 627. 1 
5, 035. 1 
4, 936. 9 
4,457.5 

TP- 

Total, 
6  hours. 

1  S§*  8  SS 

tP 

g  s  £ 

°  5§  5  S 

3 

t5 

tS  s§ 

§  3  55  3 

S' 
TP 

5  a.  m. 

to 
7  a.  m. 

1  S  e  s 
6  5  £  s 

s  s 

rH 

s  s  s  s 

H 

S  SB 

£  55  3  SI 
h  3  2  3 

s? 

rH 

3  a.  m. 

to 
5  a.  m. 

1  §  Si  5 

6    ri    H  H 

s  s 

S§ 

rH 

TP 
rH 

rH     3     3  S 

=5 

H 

r]  d 

rH  g 

i8  §3  S  & 
3  S  S  2 

-? 

H 

1  a.  m. 

to 
3  a.  m. 

1  s  s  s 

C    rH     rH  rH 

8  S 

3  in 

rH 

rn 

3  SSI 

£ 

H 

s  § 

rH  rH 

h  S  S  3 

g 

H 

Total, 
6  hours. 

IS 

ITS 

iis§ 

to 

s'lis 

-i 

11  p.  m. 

to 
1  a.  ra. 

1 S  2  s 

5 

s 

rH 

137.6 
c  156.  4 

154.8 
ol31.9 

r-i 

S3  g 

9  p.  m. 

to 

11  p.  m. 

193.1 
159.  C 
181.5 

234.5 
203.4 

o 
2 

CI 

TP 
rH 

222. 8 
200. 4 
228. 2 
200. 8 

—• 
CI 

CO  rH 

Is 

289.9 
274.9 
262.6 
250.0 

CO 
CM 

7  p.  m. 

to 
9  p.  m. 

lis*! 

s 

i 

an 

ssii 

§ 

Total, 
6  hours. 

glss 

ii 

1 

1 

iiii 

6 

ii 

rH"  Ci 

1,743.4 
1, 954. 2 
1,854.7 
1,  686.  2 

i 

rH- 

a  a 

till 

8 

CM 

88 

rH 

§§§§ 

$ 

CM 

iiii 

s§ 

Q 

3  p.  m. 

to 
5  p.  m. 

is 

Si 

rH 

S3 
rH 

§§§§ 

2* 
CM 

ii 

e  g  g  i 

'4 

1  p.  m. 

to 
3  p.  m. 

1 

1 

isss 

ii 

iiii 

i 

Total, 
6  hours. 

Cals. 
656.9 
581.3 
521.  7 

OS  OS 

is 

i 

i 

733.1 
686.7 
673.8 
692.  7 

50 

i 

1,919.4 
2, 643. 4 

1, 636. 8 
1, 941. 2 
1,949.8 
1, 696. 8 

CM 

1 

11a.  m. 

to 
1  p.  m. 

III! 

si 

-; 

§ 

cm" 

S 

i  i  s  i 

© 

ii 

ats 

§ 

Cals. 
216.  9 
199. 2 
147.7 

1 

4 

ii' 

ii 

iiii 

i 

7a.m. 

to 
9  a.  m. 

1 

i 

i 

ii 

iiii 

s 

1 

rH     CM  CO 

rH    CM    CO  TP 

I  and  number  of 
experiment. 

I  Mi 
ill! 

verage  per  day  

verage  Nos.  36,  39, 
42,  and  51  

*  MM 
I  M  M 

1:1 

mil 

Pun 

verage  perdav  

1 

Restexpt 

No.  36  . 
No.  39  . 
No.  42  . 

No.  51  . 
No.  51  . 

< 

No.  35  . 
No  35 
No.  35  . 
No.  35  . 

Work  ( 
tic 

No.  50  . 
No.  55  . 

Work  ex 

No.  37  . 
No.  37  . 
No.  37  . 
No.  37  . 
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5,  417.  0 
5, 112. 4 
5,171.1 
5,191.6 

i 

5,208.5 
5,053.5 
5  115  5 
5,416.8 

i 

5, 211. 2 
5,168.0 
5  235  6 
5, 378. 1 

i 

5,494.5 
5, 164,  3 
5  076. 6 

i 

its 

5,028.6 
5, 197.  3 
5  307.  9 

s 

t 

S 

Nil 

1 

iiii 

1 

ill 

t 

111 

1 

1 

S 

iiii 

i 

168.3 
171. 4 
151.  0 
175.0 

i 

S  3  S  3 

i 

ISl 

i 

iii 

1 

i 

g 

o 

1 

i 

iiii 

i 

iiii 

i 

211 

i 

154.5 
154.0 
186.6 

f 

i 

& 

S 

§§§§ 

i 

iiii 

i 

iiii 

i 

III 

i 

sis 

1 

i 

i 

1 

i 

iiii 

i 

733.0 
750.  0 
765.8 
759.4 

u 

1  g  s 

i 

iii 

i 

i 

i 

1 

SlIS 

§ 

iiii 

i 

iiii 

SIS 

$ 

iii 

§ 

i 

I 

s 

t 

iiii 

i 

iiii 

1 

ill 

i 

iii 

$ 

i 

i 

s 

111! 

i 

iiii 

i 

iiii 

1 

8 

% 

I 

i 

s 

2,084.3 
2, 007.  3 
1,960.4 
2,029.6 

i 

2,  046.  0 
2, 010.  8 
2, 060. 5 
2,081.3 

i 

1,944.3 
1,896.9 
1,891.1 
2,032.4 

1 

2,189.5 
1,911.8 
1,925.0 

i 

1,894.5 
2, 010. 2 
1, 985.  7 

i 

i 

1 

i 

1111 

1 

iiii 

I 

ills' 

1 

ill 

i 

111 

i 

s 

i 

S 

iiii 

I 

iiii 

i 

liiii 

1 

I 

iii 

i 

I 

i 

8 

iiii 

iiii 

i 

iiii 

1 

ill 

i 

515.0 
530.8 
558.4 

i 

i 

i 

§ 

2, 120. 2 
1,945.9 
2, 026.  9 
1,981.8 

i 

of 

1,911.8 
1,837.5 
1,850.3 
2,  079.  2 

i 

2, 052.  7 
2, 062. 3 
2,105.3 
2, 108. 1 

1 

1,937.6 
1,  962.  6 
1,751.5 

i 

1, 885.  2 
1,  948. 9 
2,030.8 

i 

r-T 

! 

i 

i 

r-T 

g 

iiii 

s 

ill 

1 

i 

1 

1 

ifii 

s 

So 

iiii 

§111 

u 

X 

iii 

iii 

8 

{> 

1131 

1 

iiii 

Ills 

1 

IIS 

iii 

1 

1 

1 

Average  per  day  

Average  per  day  

Average  per  day  

Average  per  day  

Average  per  day  

Average  Nos.  37,  40, 
44,  and  47  

Average  Nos.  49  and 
53  

Average  Nos.  31,  40, 
44,  47,  49, and  53.... 

3  3  5  3 
IIII 


iiii 


S53 
III 


8  8  3 
III 


336 


Total, 
1  day. 

°  r)T  tp"  rx~  V 

S 

5, 233. 3 
5, 132. 5 
5,221.5 
5,  379. 4 

i 

id 

5, 463. 6 
5,243.9 
5, 079. 9 
5.031.5 

t 

i 

iO 

5,526.9 
5,197.4 
5, 155. 5 
5,070.4 

$ 

Total, 
6  hours. 

1 

1  1  £  S 

Tfi    lC    lO  lO 

4 

is  io  i<  io 

1 

§ 

m  ic  m  lo 

-* 

1 

5  a.  m. 

to 
7  a.  m. 

iiiii 

t 

So  |  |  g 

1— 1  I— 1     rH  1— t 

5 

H    CN    rH  tH 

% 

§ 

rH     rH     rH  rH 

i 

s  =  a 

|  3  s  S  2 

g 

S  |  g  S 

t 

g    g    |  g 
I— 1     rH     T-l  r-l 

I 

rH     rH     rH  rH 

1 

t 

1  a.  m. 

I  to 
3  a.  m. 

g 

i  £ 

i 

2  1 1  1 

rH    rH    rH  rH 

S 

g  g  g  g 

rH     rH     rH  rH 

i 

i 

Total 
6  hours, 

i  g  1 1  s 

1 

gill 

I>    O    t^-  I> 

i 

g  g  g.g 

t~  r-  t>  t> 

i 

g  12  3  3 
i> 

g 

i 

11  p.m. 
to 

,  1  a.  m. 

i 

sill 

i 

I— 1     rH  1— 1  r-l 

§ 

g  £  g '  ai 

Oi     rH     rH  rH 

i 

9  p.  m. 

to 
11  p.  m, 

am 

i 

i 

1111 

t 

5 

i 

7  p.  m. 

to 
9  p.  m. 

1 

Sill 

i 

i 

siii 

8 

Total, 
6  hours. 

Cals. 
1,726.9 
1,731.9 
1,620.8 
1,609.9 

i 

rH 

2, 029. 7 
1 , 970. 2 
1,936.8 
1,935.3 

i 

2, 184. 6 
1, 777.  2 
1,966.6 
1  1,875.0 

1 

rH 

1 

rH 

2,057.1 
1,930.4 
1,927.1 
1, 882. 0 

1 

rH 

i 

rH 

5  p.  m. 

to 
7  p.  m. 

1 

i 

1 

1 

§111 

1 

1 

3  p.  m. 

to 
5  p.  m. 

ISlil 

e 

1  g  s  g 

i 

t 

iini 

1 

1 

1  p.  m. 

to 
3  p.  m. 

t 

571.1 
526.4 
514.8 
551.0 

i 

iiii 

i 

i 

iiii 

1 

i 

Total, 
6  hours. 

Cafe. 
1,667.4 
1,717.2 
1,656.4 
1,623.7 

1 

1,983.1 
1,989.8 
2, 060. 9 
2,  228.  9 

i 

1,990.8 
2, 128. 6 
1,897.8 
1,868.3 

s 

rH 

1 

2, 163. 4 
1,979.4 
1,968.7 
1,924.1 

i 

CN 

i 

11  a.  m 

to 
1  p.  m. 

Cals. 
600. 2 
595. 3 
578.8 
564.0 

iiii 

9  a.m. 
11 t0 

lisii 

111-1 

i 

iiii 

t 

s 

iiii 

1 

1 

7a.m. 

to 
9a.  m. 

I 

i 

iiii 

-r 

iO 

CO 

to 

CO 

1 

§ 

>> 
% 

i 

1 

rH 

xperiment,  fat  diet. 

verage  per  day  

verage  per  day  .... 

verage  per  day  

verage  per  day  

^_ 

f 

Work  e 

No.  38  . 
No.  38  . 
No.  38  . 
No.  38  . 

< 

No.  41  . 
No.  41  . 
No.  41  . 
No.  41  . 

< 

No.  43  . 
No.  43  . 
No.  43  . 
No.  43  . 

< 

6 

No.  46  . 
No.  46  . 
No.  46  . 
No.  46  . 

< 

IS 

1 

5, 469. 8 
5, 159.  6 
5,202.7 

5, 277. 4 

5, 176.  '2 
5, 252. 9 
5, 215. 6 

5, 214.  9 

00 

i 

lO 

5, 246.  2 

5, 104. 2 

|  523.2 
514.6 
508.6 

lO 

517.9 
513. 4 
511. 8 

o 

1 

o 

S 

CO 

s 

58  S  9 

iH 

s 

iH 

s 

rH 

i 

rH 

oa 

lis 

g 

cd  to" 

S  2. a 

12 
— 

| 
rH 

E3 

rH 

CM 
rH 

SSI 

s 

§§s' 

g 
rH 

58 

t> 

go 

rH 

tit 

■g 

ggg 

i: 

IN 

iii 

s 

S§1 

rH 

pi 

— 

CO 
rH 

289.5 
277.  3 
272.9 

OS 

§ 

282. 0 
272.  3 
262.0 

i 

i 

o 

i 

111 

ill 

i 

§ 

00 

1 

2, 277. 2 
1,907.6 
1,970.4 

i 

1, 994.  5 
1,923.3 
1,865.6 

1 

i 

1 

rH" 

1,912.2 

Eli 

tO 

ta 

g 

1 

to 

i 

1 

1 

1 

1 

SSI 

1 

lis 

i 

i 

00 

1 

1, 844.  6 
1,955.9 
1,950.2 

r4 

1,895.3 
2,061.0 
2,107.3 

of 

§ 

rH 

rH" 

1,945.5 

Hi 

1 

at 

i 

1 

1 

i 

tu 

I 

iii 

i 

g 

g 

lO 

t 

1 

iii 

i 

§ 

1 

1 

HUM 

Average  per  day  

Average  per  day  

Average  Nos.  38,  41, 
43,  45,  46,  and  48... 

Average  Nos.  52,  54.. 

Average  Nos.  38,  41, 
43,  45,  46,  48,  52, 
and  54  

ll  £  iii 
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AMOUNT.  OF  EXTERNAL  MUSCULAR  WORK  DONE. 

Table  125  gives  the  heat  equivalent  of  the  work  done  upon  the  bicycle-dynamo  in 
the  work  experiments  of  the  series.  In  all  cases  except  Nos.  50  and  55  the  subject 
spent  eight  hours  per  day  propelling  the  stationary  bicycle  as  described  on  page  40. 
In  experiment  No.  50  the  subject  was  unable  to  take  the  food  as  prescribed  and 
stopped  work  at  the  end  of  five  hours,  while  in  experiment  No.  55  he  worked  six- 
teen hours  out  of  the  twenty-four. 


Table  125. — Record  of  work  done  on  stationary  bicycle,  metabolism  experiments  Nos.  37, 
38,  40,  41,  43,  44,  45,  46,  47,  48,  49,  50,  52,  53,  54,  and  55. 


(a) 

(&) 

(0 

(a) 

(ft) 

(c) 

Time. 

Duration 
of  work 
[period. 

Rate  of 
work. 

Heat 
equiva- 
lent of 

total 

work, 

axb 
x  0.2378. 

Time. 

Duration 
of  work 
period. 

Rate  of 
work. 

Heat 
equiva- 
lent OJ. 
total 
work, 
axb 
X  0.2378. 

1901. 

1901. 

Experiment  No.  37. 
Jan.  11,  8.15  a.  m...| 
10.15a.  m..J 

Seconds 
7,  200 

Watts. 
73.0 

124.9 

Experiment  No.  88. 
Jan.  15,  8.15  a.  m. ..1 
10.15  a.  m..J 

7,200 

Watts. 
70.0 

Oalovics. 
119.8 

10.30  a.  m..l 
12. 60  p.  m.  .J 

7,200 

70.  0 

119.8 

10.30a.  m..l 
12.30  p.  m.  .J 

7,200 

73. 0 

124. 9 

2.00  p.m...l 
4.00  p.  m. . .  1 

7,200 

68.0 

116. 4 

2.00  p.  m...l 
4.00  p.  m  J 

7, 200 

72.0 

123. 3 

4.15  p.  m. .  .1 

7, 200 

74.0 

126.  7 

4.15  p.  m...l 
6.15  p.  m. . .  J 

7,200 

72.0 

123.3 

Total  

28, 800 

487.8 

Total  

28, 800 

491.3 

Jan.  12,  8.15  a.  m...l 
10.15  a.  m..J 

7,200 

72.0 

123. 3 

Jan. 

16,  8.15  a.  m...l 
10.15  a.  m. .  j 

7,200 

68.0 

116.4 

10.30  a.  m..| 
12.30  p.  m..J 

7,200 

82.0 

140.4 

10.30a.  m..l 
12.30  p.  m..J 

7,200 

73.0 

124.9 

2.00  p.  m...l 
4.00  p.  m...J 

7,  200 

77.0 

131.8 

2.00  p.  m...l 
4.00  p.  m...J 

7,200 

73.0 

124.9 

4.15  p.  m...| 
6.15  p.  m...J 

7,200 

73.0 

131.8 

4.15  p.  m...l 
6.15  p.  m...J 

?,  200 

76.0 

130.1 

Total  

28, 800 

527.3 

Total  

28, 800 

496.3 

Jan.  13,  8.15  a.  m. . .  | 
10.15  a.  m..J 

7, 200 

77.0 

131.8 

Jan. 

17,  8.15  a.  m. .  .1 
10.15  a.  m..J 

7, 200 

72.0 

123.3 

1  ft  QPl  o    m  1 

12.30  p.m..] 

7  200 

78. 0 

133. 5 

10.30  a.  m.J 
12.30 p.  m..J 

7  200 

72. 0 

123. 3 

2.00  p.  m .  1 
4.00  p.  m...J 

7,200 

76.0 

130.1 

2.00  p.  m...l 
4.00  p.  m..J 

7, 200 

72.0 

123.3 

4.15  p.  m...l 
6.15  p.  m...j 

7, 200 

77.0 

131.8 

4.15  p.  m...l 
6.15  p.  m...J 

7,200 

73.0 

124.9 

Total  

28, 800 

527.2 

Total  

28, 800 

494.8 

Jan.  14,  8.15  a.  m...| 
10.15  a.  m..J 

7, 200 

73.0 

124.9 

Jan. 

18,  8.15  a.  m...l 
10.15  a.  m..J 

7, 200 

73.0 

124.9 

10.30  a.  m..l 
12.30  p.  m..j 

7,200 

68.0 

116.4 

10.30  a.  m..l 
12.30  p.  m..J 

7,200 

73.0 

124.9 

2.00  p.  m...l 
4.00  p.  m...J 

7,200 

70.0 

119.8 

2.00 p.  m...l 
4.00  p.  m...J 

7,200 

73.0 

124.9 

4.15  p.  m..J 
6.15  p.  m...J 

7,200 

70.0 

119.8 

4.15  p.  m.  ..1 
6.15  p.  m...J 

7,200 

72.0 

123.3 

Total  

28, 800 

480.9 

Total  

28, 800 

498.0 

Total,  4  days  . . 

115, 200 

2, 023.  2 

Total,  4  days  .. 

115, 200 



1,980.4 
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Table  125.  —Record  of  work  done  on  stationary  bicycle,  etc. — Continued. 


Time. 


(a) 


Duration 
of  work 
period. 


1901. 

Experiment  No.  U0. 

Feb.  26,  8.15  a.  m... 

10.15  a.  m.. 
10.30  a.m.. 
12.30  p.m.. 
2.00  p.  m... 
4.00  p.  m... 
4.15  p.  m... 
6.15  p.  m... 

Total  

Feb.  27,  8.15  a.  m... 

10.15  a.  m.. 
10.30  a.  m.. 
12.30  p.  in.. 
2.00  p.  m... 
4.00  p.  m... 
4.15  p.  m... 
6.15p.  m ... 

Total  

Feb.  28,  8.15  a.  m... 

10.15  a.m.. 
10.30  a.  m.. 
12.30  p.  m.. 
2.00  p.  m... 
4.00  p.  m... 
4.15  p.  m... 
6.15  p.  m. . . 

Total  

Mar.  1,  8.15  a.  m... 

10.15  a.  m.. 
10.30  a,  m.. 
12.30  p.  m.. 
2.00  p.  m... 
4.00  p.  m... 
4.15  p.  m. . . 
6.15  p.  m. . . 

Total  

Total, 4  days.. 
Experiment  No.  U. 
Mar.  2.  8.15  a.  m... 

10.15  a.  m.. 

10.30  a.  m.. 

12.30  p.  m.. 

2.00  p.  m... 

4.00  p.  m... 

4.15  p.  m... 

6.15  p.  m... 

Total  


Seconds. 
7,200 

7,200 

7,200 

7,200 


28,800 


7,200 
7,200 
7,200 
7,200 


2s,  SOU 


7,200 
7,200 
7,200 
7,200 


2s,  N00 


7,200 
7, 200 
7,200 
7,200 


2S.S0D 


115, 200 


h 


Rate  of 
work. 


Watts. 
76.0 

76.0 

76.0 

72.0 


68.0 
76.0 
76.0 
78.0 


76.0 
78.0 
74.0 
76.0 


76.0 
76.0 
76.0 
80.0 


7,200 
7,200 
7,200 
7,200 


2\  800 


77.0 
76.0 
78.0 
77.0 


(c) 

Heat 
equiva- 
lent of 

total 
work, 

axb 
X  0.2378. 


Calories. 
130.1 

130.1 

130.1 

123.3 


513.6 


116.4 
130.1 
130.1 
133.5 


510.1 


130.1 
133.5 
126.7 
130,1 


2,071.3 


131.8 
130.1 
133. 5 
131.8 


527. 2 


Time 


1901. 

Experiment  No.  hi — 
Continued. 


Mar. 


Mar. 


3,  8.15  a.  m.. 
10.15  a.  m . 
10.30  a,  m. 
12.30  p.  m. 
2.00  p.  m.. 
4.00  p.  m.. 
4.15  p.  m. . 
6.15  p.  m.. 

Total  

4,  8.15  a.  m.. 
10.15  a.  m. 
10.30  a.  m. 
12.30  p.  m. 
2.00  p.  m.. 
4.00  p.  m.. 
4.15  p.  m. . 
6.15  p.  m.. 

Total  


Mar.  5,  8.15  a.  ni. . 

10.15  a.  m. 
10.30  a.  m. 
12.30  p.  m. 
2.00  p.  m.. 
4.00  p.  m.. 
4.15  p.  m.. 
6.15  p.  m. . 

Total  

Total, 4  days. 
Experiment  No.  US. 
Mar.  29,  8.15  a.  m.. 

10.15  a.  m. 

10.30  a.  m. 

12.30  p.  m. 

2.00  p.  m.. 

4.00  p.  m.. 

4.15  p.  m.. 

6.15  p.  m.. 

Total  

Mar.  30,  8.15  a.  m.. 

10.15  a.  m. 
10.30  a.  m. 
12.30  p.  m. 
2.00  p.  m.. 
4.00  p.  m.. 
4.15  p.  m.. 
6.15  p.  m.. 

Total  


(a) 


Duration 
of  work 
period. 


Seconds. 
7, 200 

7,200 

7,200 

7,200 


2\  Mm 


7, 200 
7,200 
7,200 
7,200 


2*.  s00 


7,200 
7,200 
7, 200 
7,200 


Nil) 


115, 200 


?,200 

r,2oo 

1,200 
J,  200 


1,200 
r,200 

F,200 

r,200 


(6) 


Rate  of 
work. 


Watts. 
73.0 

76.0 

76.0 

77.0 


77.0 
76.0 
72.0 
76.0 


78.0 
84.0 
74.0 
73.0 


86.5 
85.5 
99.6 
85.5 


91.0 
81.0 
74.7 
58.5 


(c) 

Heat 
equiva- 
lent of 

total 
work, 

axb 
X  0.2378. 


Calories. 
124.0 

130.1 

130.1 

131.8 


516.0 


131.8 
130.1 
123.3 
130.1 


515.  3 


133.5 
143.8 
126.7 
124.0 


528.0 
2,086.5 


148.1 
146.4 
170.5 
146.4 


611.4 
155. 8 

138.7 

127.9 

100.1 

522.5 
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(a) 

(°) 

1  r\ 
\c) 

\a) 

(h\ 

1  n\ 
\C) 

Time. 

Duration 
of  work 
period. 

Rate  of 
work. 

Heat 
equiva- 
lent of 
total 
work, 
axb 
xO.  2378. 

Time. 

Duration 
of  work 
period. 

Rate  of 
work. 

Heat 
equiva- 
lent of 

total 
work, 

axb 
X0. 2378. 

1901. 

1901. 

Experiment  No.  A3 — 
Continued. 

Mar.  31,  8.15  a.  m...1 

10.15  a.  m..J 

Seconds. 
7,200 

Watts. 
87.5 

Oalories. 
149.8 

Experiment  No.  Uh— 
Continued. 

Apr.   5,  8.15  a.  m...l 

10.15  a.  m..J 

Seconds. 
7, 200 

Watts. 
85.5 

CJctlovics 
146.4 

10.30  a.  m..l 
12.30  p.  m..J 

7,200 

76.5 

131.0 

10.30  a.  m..l 
12.30  p.  m..J 

7,200 

89.7 

153.6 

2.00  p.  m...l 
4.00  p.  m...J 

7, 200 

91.5 

156. 7 

2.00  p.  m...] 
4.00  p.  m...j 

7, 200 

89.5 

153.2 

4.15  p.  m...| 
6.15  p.  m...j 

7,200 

67.5 

115.5 

4.15  p.  m. .  .1 
6.15  p.  m...J 

7,200 

100.0 

171.2 

Total  

28, 800 

553. 0 

Total  

28,800 

624.4 

Apr.    1,  8.15  a.  m...l 

Total,  4  days... 

115, 200 

2, 283.  7 

7,200 

75.5 

129. 2 

10.15  a.  m..J 

Experiment  No.  A5. 

10.30  a.  m..| 
12.30  p.  m.  .J 

7,200 

62.  5 

107.0 

Apr.  6,  8.15  a.  m...l 
10.15a.  m..j 

7,200 

87.2 

149.3 

2.00  p.  m. . .] 
4.00  p.  m...J 

7, 200 

78.0 

133.5 

10.30  a.  m.  .1 
12.30 p.  m..J 

7,  200 

88. 7 

151.9 

4.15  p.  m...l 
6.15  p.  m...J 

7,200 

78.0 

133.5 

2.00  p.  m...l 
4.00 p.  m...J 

7, 200 

86.0 

147.2 

Total  

28, 800 

503. 2 

4.15  p.  m...l 

7, 200 

75.0 

128.4 

6.15  p.  m. .  .J 

Total,  4  days... 

115, 200 

2, 190. 1 

Total  

28, 800 

576.8 

Experiment  Nor  hh. 
Apr.    2,  8.15  a.  m...l 
10.15  a.  m..J 
10.30a.  m..l 
12.30  p.  m.J 
2.00  p.  m...l 
4.00  p.  m...J 
4.15  p.  m...l 
6.15  p.  m...J 

7,200 
7,200 

73.0 
74.  5 

125. 0 
127. 5 

Experiment  No.  U6. 
May   3,  8.15  a.  m...l 
10.15  a.  m..J 
10.30  a.  m..| 
12.30  p.  m..j 

7,200 
7  200 

94.0 
87. 0 

160. 9 
148.9 

7, 200 

79.0 

135.3 

2.00  p.  m...] 
4.00 p.  m...J 

7,200 

76.5 

131.0 

7, 200 

100.0 

171.2 

4.15  p.  m...] 
6.15  p.  m...J 

7,200 

89.8 

153. 7 

Total  

28, 800 

559.0 

Total  

28,800 

594. 5 

Apr.    3,  8.15  a.  m...l 
10.15  a.  m..| 
10.30  a.  m..| 
12.30  p.  m..J 
2.00  p.  m...l 
4.00  p.  m...J 
4.15  p.  m...l 
6.15  p.  m...J 

7, 200 
7,200 
7,200 
7,200 

68.5 
78.0 
85.0 
83.5 

117.  3 
133. 5 
145. 5 
143.0 

May   4,  8.15  a.  m...] 
10.15  a.  m..J 
10.30  a.  m..] 
12.30  p.  m..| 
2.00  p.  m...] 
4.00  p.  m...J 
4.15  p.  m...] 
6.15  p.  m...J 

7,200 
7,200 
7,200 
7, 200 

81.0 
81.2 
79.8 
74. 2 

138.7 
139.0 
136. 6 
127. 0 

Total  

28, 800 

539.3 

Total  

28, 800 

541.3 

Apr.    4,  8.15  a.  m...l 
10.15  a.  m..J 

7, 200 

73.0 

125.0 

May   5,  8.15  a.  m...] 
10.15  a.  m..J 

7, 200 

80.2 

137.3 

10.30  a.  m..l 

1  9        Ti   m  I 
l_£,OyJ       in  -  *  J 

7, 200 

78.  5 

134.4 

10.30  a.  m..l 
12.30  p.  m.  .J 

7,200 

79.8 

136.6 

2.00  p.  m...l 
4.00  p.  m.-.J 

7,200 

91.2 

156.1 

2.00  p.  m...] 
4.00  p.  m...J 

7,200 

79.4 

13S.0 

4.15  p.  m...l 
6.15  p.  m...j 

7,200 

85.0 

145.5 

4.15  p.  m...l 
6.15  p.  m...J 

7,200 

73.5 

125. 8 

Total  

28, 800 

561.0 

Total  

28,800 

535.7 
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\u ) 

\L) 

(a) 

(r) 
\L) 

Time. 

Duration 
of  work 
period. 

Rate  of 

Heat 
equiva- 
lent of 
total 
work, 
axb 
XU.zovo. 

Time. 

Duration 
of  work 
period. 

Rate  of 

Heat 
equiva- 
lent of 
total 
work, 
axb 

X  0.2378. 

1901. 

1901. 

Experiment  No.  h6 — 
Continued. 

Seconds. 

Watts. 

Calories. 

Experiment  No.  1,8. 

Seconds. 

Watts. 

Calories. 

May   6,  8.15  a.  m...l 
10.15  a.  m..J 

7, 200 

79.5 

136. 1 

May  11,  8.15  a.  m  ...1 
10.15  a.  m..j 

7,200 

78.0 

133.5 

10.30  a.  m..l 
12.30  p.  m. .  J 

7, 200 

81.  2 

139.  0 

10.30  a.  m.J 
lz.30  p.  m. . J 

7, 200 

85. 0 

145.5 

2.00  p.  m...l 
4.00  p.  m...J 

7,200 

78.3 

134.0 

2.00  p.  m...| 
4.00  p.  m... f 

7,200 

80.3 

137.5 

4.15  p.  m...| 
6.15  p.  m. . . J 

7,200 

72.7 

124.5 

4.15  p.  m...l 
6.15  p.  m  J 

7, 200 

78.0 

133.5 

Total  

28, 800 

533.6 

Total  

28, 800 

550.0 

Total,  4  days  .. 

115, 200 

2, 205. 1 

1902. 

Experiment  No.  A7. 

Experiment  No.  IS. 

May   7,  8.15  a.  m...l 
10.15  a.  m.. J 

7,200 

85.0 

145.5 

Mar.  27,  8.15  a.  m...| 
10.15  a.  m..j 

7,200 

69.1 

118.2 

10.30  a.  m..l 
12.30  p.  m..J 

7, 200 

80.  u 

145.5 

10.30  a.  m..| 
12.30  p.  m..J 

7,200 

69  1 

118.2 

2.00  p.  m...| 
4.00  p.  m...J 

7,200 

82.0 

140.4 

2.00  p.  m...l 
4.00  p.  m...j 

7,200 

84.8 

145.1 

4.15  p.  m...| 
6.15  p.  m...J 

7, 200 

82.0 

140.4 

4.15  p.  m. .  .1 
6.15  p.  m. ..} 

7,200 

104.1 

178.1 

Total  

28, 800 

571.8 

Total  

28, 800 

559.6 

May   8,  8.15  a.  m...l 
10.15  a.  m..j 

7, 200 

82.3 

140.9 

Mar.  28,  8.15  a,  m...| 
10.15  a.  m..J 

7,200 

75.0 

128.4 

10.30  a.  m..l 
12.30  p.  m/.J 

7,200 

84.2 

144.1 

10.30  a.  m..l 
12.30  p.  m..J 

7,200 

67.8 

116.1 

2.00  p.  m...l 
4.00  p.  m...J 

7, 200 

78.0 

133.  5 

2.00  p.  m...l 
4.00  p.  m...j 

7,200 

76.5 

130.9 

4.15  p.  m...l 
6.15  p.  m...J 

7,200 

77.5 

132.7 

4.15  p.  m...  j 
6.15  p.  m...J 

7,200 

66.4 

113.6 

Total  

28, 800 

551.2 

Total  

28, 800 

IN9.  U 

May   9,  8.15  a.  m...l 
10.15a.  m..J 

7,200 

86.8 

148.6 

Mar.  29,  8.15  a.  m...| 
10.15  a.  m..j 

7,200 

65.0 

111.3 

lu.OU  <X.   III.  - 

12.30  p.  m..j 
2.00  p.  m...l 
4.00  p.  m...J 
4.15  p.  m. .  .1 
6.15  p.  m_..J 

7, 200 
7,200 
7,200 

83.8 
78.0 
70.6 

143.5 
133.  5 
120. 9 

10.30  a.  m..l 
12.30  p.  m..J 
2.00  p.  m...l 
4.00  p.  m...j 
4.15  p.  m...l 
6.15  p.  m...j 

7  200 
7,200 
7,200 

60  5 
71.5 
93.5 

103. 6 
122.4 
160. 1 

Total  

28, 800 

546.5 

May  10,  8.15  a.m  ...1 
10.15  a.  m..J 

Total  

28, 800 

497.4 

7,200 

85.9 

147.0 

Total,  3  days  . . 

86, 400 

1, 546. 0 

10.30  a.  m..l 
12.30  p.  m..J 
2.00  p.  m...l 
4.00  p.  m..J 
4. 1.5  p.  m...| 
6.15 p.  m...J 

7,200 
7,200 
7, 200 

85.9 
81.5 
84.9 

147. 0 
139.5 
145.3 

Experiment  No  50. 
Mar.  30,  8.15  a.  m...l 
10.15  a.  m..J 
10.30  a.  m..l 
12.30  p.  m..J 
2.00  p.  m...j 

7,200 
7,200 
3,600 

72  3 
76.8 
60.9 

123.8 
131.4 
52.1 

Total  

28,800  |  

578.8 

3.00  p.  m...J 

Total,  4  days  . . 

115,200 

2,248.3 

Total  

18, 000 

307.3 
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(a) 

(6) 

(c) 

(a) 

(6) 

(c) 

Time. 

Duration 
of  work 
period. 

Rate  of 
work. 

Heat 
equiva- 
lent of 

total 
work, 

(ixi> 
X  0.2378. 

Time. 

Duration 
of  work 
period. 

Rate  of 
Work. 

Heat 
equiva- 
lent of 
total 
work, 

X  0.2378. 

1902. 

1902. 

Experiment  No.  52. 

Apr.  21,  8.15  a.  m. . .  j 
10.15  a.  m..J 

Seconds. 
7,200 

Watts. 
77.0 

Calories. 
131.8 

Experiment  No.  53 — 
Continued . 

Apr.  25,  8.15a.  m...| 

10.15  a.  m..| 

Seconds. 
7,200 

Watts. 
90.5 

Calories. 
154.9 

lU.oU  it,  ILL  -  -  1 

12.30  p.  m..J 

7  200 

85  2 

145  9 

iu.ou  ft.  m. .  i 
12.30  p.  m..J 

7  °00 

85  0 

145. 5 

2.00  p.  m...j 
4.00p.  m...J 

7,200 

104. 0 

178. 1 

2.00  p.  m...l 
4.00  p.  m...j 

7  200 

86.  5 

148.1 

4.15  p.  m...l 
6.15  p.  m...j 

7,200 

113.  0 

193.3 

4.15  p.  m...| 
6.15  p.  m...J 

7,200 

86.5 

148. 1 

Total  

28, 800 

649.1 

Total  

28,800 

596.6 

Apr.  22,  8.15  a.  m...| 
10.15  a,  m..J 

7, 200 

88.5 

151.5 

Apr.  26,  8.15  a.  m...l 
10.15  a.  m..J 

7, 200 

90.5 

154. 9 

i-U.OV/  <l.  111.  .  I 

12.30  p.  m..j 

7  200 

83  5 

143. 0 

iu.ou  a.  in . . 
12.30  p.  m.J 

7  200 

86  5 

148  1 

2.00  p.  m. .  .1 
4.00  p.  m....J 

7,200 

85.0 

145. 5 

2.00  p.  m...l 
4.00  p.  m...J 

7, 200 

86.5 

148.1 

4.15  p.  m...l 
6.15  p.  m...J 

7,200 

85.0 

145.5 

4.15  p.  m...l 
6.15  p.  m...| 

7,200 

80.5 

137. 8 

Total  

28, 800 

585.5 

Total  

28, 800 

588.9 

Apr.  23,  8.15  a.  m...| 

Total,  3  days. . . 

86, 400 

1,762.0 

7, 200 
7  200 
7,200 
7,200 

83.5 

143.0 

10.15  a,  m.J 

IV.oV  tl.  ILL.  .  I 

12.30  p.  m..J 
2.00  p.  m...| 
4. On  n  i>-i  1 

U  p.  ILL.  .  .  J 

4.15  p.  m...l 
6.15  p.  m...J 

85  0 
85.0 
88.5 

145. 5 
145.5 
151.5 

Experiment  No.  5U. 

Apr.  27,  8.15  a.  m...l 
10.15  a.  m..J 
10.30  a.  m..l 
12.30  p.  m..J 
2.00  p.  m...| 
4.00  p.  m...J 

7,200 
7,200 
7, 200 

85.0 
85.0 
90.  5 

145. 5 
145.5 
154.9 

Total  

28, 800 

585.5 

4.15  p.  m...l 

7, 200 

92.2 

157.9 

Total, 3  days... 

86, 400 

1,820.1 

6.15  p.  m...J 

Experiment  No.  53. 

Total  

28, 800 

603.8 

Apr.  24,  8.15  a.  m...l 
10.15  a.  ni..J 

7,200 

83.5 

143.0 

Apr.  28,  8.15  a.  m...| 
10.15  a.  m..J 

7,200 

94.0 

160.9 

id. ou  a.  m. . 
12.30  p.  m..J 

7, 200 

85.0 

145.5 

io. 30  a.  m. .  i 
12.30  p.  m..J 

7,200 

92.2 

150.0 

2.00  p.  m...l 
4.00  p.  m...j 

7,200 

83.5 

143.0 

2.00  p.  m...l 
4.00  p.  m...j 

7,200 

92.2 

152.6 

4.15  p.  m. .  .1 
6.15  p.  m...| 

7,200 

85.0 

145.0 

4.15  p.  m...l 
6.15  p.  m...j 

7,  200 

99.0 

125.7 

Total  

28, 800 

576.5 

Total  

28, 800 

589.2 
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(«) 

(&) 

(c) 

(a) 

Time. 

Duration 
of  work 
period. 

Rate  of 
work. 

Heat 
equiva- 
lent of 

total 

work. 

axb 
X  0.2378. 

Time. 

Duration 
of  work 
period. 

Rate  of 
work. 

Heat 

lent  of 
total 
work , 

axb 
X  0.2378. 

1902. 

1902. 

Experiment  No.  5U — 
Continued. 

Apr.  29,  8.15  a.  m...l 
10.15  a,  m..J 

Seconds. 
7,200 

Watts. 
94.0 

Calories. 
160.9 

Experiment  No.  55— 
Continued. 

Apr.  30,  1.55  p.  m...| 
4.10  p.  m...j 

Seco7ids. 
1 7, 830 

Watts. 
118.0 

Calories. 
219. 7 

W.6V  a.  m. .  I 
12.30  p.  m..J 

7,200 

92.2 

157.  9 

4.17^  p.  m. .  | 
6.20  p.  m...J 

f  7, 080 

115.0 

193.6 

2.00  p.  m...| 
4.00  p.  m...J 

7,200 

79.0 

135. 2 

7.50  p.  m  1 

10.00  p.  m..] 

%  7, 500 

104.0 

185.5 

4.15  p.  m...l 
6.15  p.  m...J 

7,200 

80.2 

137.3 

10.11  p.  m..l 
12.00  p.  m.J 

§  5, 430 

104.0 

134.3 

Total  

28, 800 

591.3 

iviaj    i,  iz.uo  a.  m.. 

3, 120 

104.0 

77.2 

1.00  a.  m.__J 

Total, 3  days... 

86,400 

1,784.3 

4.13  a.  m...| 

2,820 

104.0 

69.7 

Experiment  No.  55. 

5.00  a.  m...J 

Apr.  30,  7.53  a.  m...| 
10.25  a.  in.. J 

*8,940 

115.0 

244.5 

5.10  a.  m...l 
7.00  a.  m...J 

6, 600 

87.5 

137.3 

10.30  a.  m..l 

Total  

57, 540 

1,481.7 

12.50  p.m..} 

*  8, 220 

102.5 

219.9 

*  3  minutes  taken  out  for  weighing  absorbers, 
f  4£  minutes  taken  out  for  weighing  absorbers. 
%  5  minutes  taken  out  for  weighing  absorbers. 
§  18i  minutes  taken  out  for  weighing  absorbers. 
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BODY  WEIGHT,  PULSE  RATE,  AND  TEMPERATURE. 

Table  127  summarizes  the  body  weight,  pulse  rate,  and  temperature  as  recorded 
by  the  subject  in  a  diary  kept  for  the  purpose.  In  addition  to  the  figures  here  given, 
the  body  temperature  was  taken  by  means  of  a  specially  constructed  rectal  ther- 
mometer/'the  readings  of  which  were  taken  by  the  observer  outside.  In  experi- 
ments Nos.  43-48,  inclusive,  the  subject  did  not  record  his  temperature. 

Table  127. —  Body  weight,  pulse  rate,  and  temperature  as  recorded  by  the  subject,  metab- 
olism experiments  Nos.  35-55,  inclusive. 


Time. 


1900. 

Experiment  No.  55. 

)ec.    9,6.50  a.m..., 

7.05  a.  m  — 

12.50  p.  m... 

3.20  p.  m... 

3.50  p.  m.... 

4.20  p.  m... 

4.50  p.  m  

5.20  p.  m... 

5.50  p.  m. . . 

6.20  p.  m... 

6.50  p.  m... 

7.20  p.  m... 

7.50  p.  m... 

8.20  p.  m... 

8.50  p.  m... 

9.20  p.  m... 

9.50  p.  m... 

10.20  p.  m.. 

10.50  p.  m.. 
)ec.  10,  6.50a.  m... 

7.00  a.  m... 

7.20  a.  m... 

7.50  a.  m... 

8.20  a.  m... 

8.50  a.  m... 

9.20  a.  m... 

9.50  a.  m... 

10.20  a.  m.. 

10.50  a.  m.. 

11.20  a.  m.. 

11.50  a.  m.. 

12.20  p.  m.'. 

12.50  p.  m.. 

1.20  p.  m... 

1.50  p.  m... 

2.50  p.  m... 

3.20  p.  m... 

3.50  p.  m... 

4.20  p.  m... 

4.50  p.  m. . . 


Weight 
in  under- 
clothes. 


Kilos. 


Pulse 
rate. 


Tempera- 
ture. 


74.0 


°F. 
97.1 


Experiment  No.  35- 
Continued. 


Weight 
in  under- 
clothes. 


Kilos. 


97. 


7b.  '.Ill 


a  For  description  see  Benedict  and 
Arch.  Physiol.  [Pfluger],  88  (1901),  p. 


Snell,  Eine 
492. 


Dec.  10,  5.20  p.  m.... 

5.50  p.  m  

6.20  p.  m.... 

6.50  p.  m.... 

7.20  p.  m  

7.50  p.  m  

8.20  p.  m... 

8.50  p.  m... 

9.20  p.  m... 

9.50  p.  m... 

10.20  p.  m.. 
Dec.  11,  6.50  a.  m... 

7.10  a.  m... 

7.20  a.  m... 

7.50  a.  m... 

8.20  a.  m... 

8.50  a.  m... 

9.20  a,  m... 

9.50  a.  m... 

10.20  a.  m.. 

10.50  a.  m.. 

11.20  a.  m.. 

11.50  a.  m. . 

12.20  p.  m.. 

12.50  p.  m.. 

1.20  p.  m... 

1.50  p.  m... 

2.20  p.  m... 

2.50  p.  m... 

3.20  p.  m... 

3.50  p.  m... 

4.20  p.  m... 

4.50  p.  m... 

5.20  p.  m... 

5.50  p.  m... 

6.20  p.  m... 

6.50  p.  m... 

7.20  p.  m... 

7.50  p.  m... 

8.20  p.  m... 

neue  Methode  um  Korpertemperaturen  zu  messen. 
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Table  127. — Body  iceight,  pulse  rate,  and  temperature,  etc. — Continued. 


Weight 
in  under- 
clothes. 


Puise  Tempera- 
rate,  ture. 


1900. 

Experiment  Xo.  35 — 
Continued. 


Dec.  11,  8.50  p.  m.... 

9.20  p.  m.... 

10.20  p.  m... 

10.50  p.  m... 
Dec.  12,  6.50  a.  m  

7.10  a.  m  

7.20  a.  m.... 

7.50  a.  m  

8.20  a.  m.... 

8.50  a.  m.... 

9.20  a.  m.... 

9.50  a.  m  

10.20  a.  m... 

10.50  a.  m... 

11.20  a.  m... 

11.50  a.  m... 

12.20  p.  m... 

12.50  p.  m... 

1.20  p.  m.... 

I.  50  p.  m  

2.20  p.  m  

2.50  p.  m.... 
3.20  p.  m.... 

3.50  p.  m  

4.20  p.  m  

4.50 p.  m.... 
5.20  p.  m.... 

5.50  p.  m  

6.20  p.  m.... 
6.50 p.  m.... 
7.20  p.  m.... 

7.50  p.  m  

8.20  p.  m.... 

8.50  p.  m  

9.20  p.  m.... 

9.50  p.  m  

10.20  p.  m... 

Dec.  13,  6.50  a.  m  

Experiment  Xo.  36. 

Dec.  13,  7.10  a.  m.... 

7.20  a.  m.... 

7.50  a.  m  

8.20  a.  m.... 
8.50  a.  m.... 
9.20  a.  m.... 

9.50  a.  m  

10.20  a.  m... 
10.50  a.  m... 

II.  20  a.  m... 
11.50  a.  m... 


Kilos. 


67.0 
62.0 
58.0 
67.0 
74.0 


75.0 
72.0 
86.0 
81.0 
80.0 
73.0 
73.0 
72.0 
66.0 
65.0 
62.0 
64.0 
71.0 
70.0 
74.0 
75.0 
72.0 
71.0 
68.0 
67.0 
65.0 
63.0 
62.0 
59.0 
63.0 
64.0 
60.0 
59.0 
66.0 
63.0 
61.0 
75.0 


70.0 
73.0 
67.0 
65.0 
67.0 
62.0 
57.0 
63.0 
63.0 
62.0 


°F. 


97.-/ 


98. 5 


98.3 


97.6 


98.2 
97.8 
97.1 


98.1 
98.0 
98.2 
98.0 


Weight 
in  under- 
clothes. 


Pulse  Tempera- 
rate,  ture. 


1900. 

Experiment  Xo.  36 — 
Continued. 


Kilos. 


Dec.  13,  12.20  p.  m... 

12.50  p.  m... 
1.20  p.  m.... 

1.50  p.  m  

2.20  p.  m.... 
2.50  p.  m.... 
3.20 p.  m.... 

3.50  p.  m  

4.20  p.  m.... 

4.50  p.  m  

5.20  p.  m.... 

5.50  p.  m  

6.20  p.  m.... 
6.50  p.  m.... 

7.20  p.  m  

7.50  p.  m  

8.20  p.  m.... 

8.50  p.  m  

9.20 p.  m.... 

9.50  p.  m  

10.20  p.m... 
10.50  p.  m... 
14,  6.50  a.  in.... 
7.05  a.  m  

1901. 


Dec. 


73.56 


75.  83 


74.32 


Experiment  Xo.  37. 
Jan.  11,  6.50  a.  m.. 

7.00  a.  m.. 

12.50  p.  m. 

6.50  p.  m... 

7.00  p.m.... 

10.50  p.  m. 
Jan.  12,  6.50  a.  m  

7.00  a.  m.. 

12.50  p.  m. 

6.50  p.  m. . 

7.00p.  m...  J  74.66 

10.50  p.  m...  

Jan.  13,  6.50  a.  m....|  

7.00  a.  m...J      74.24  ; 

12.50  p.  m...  

6.50  p.  m  !  

7.00  p.  m   74.22  | 

10.50  p.  m..  J  

Jan.  14,  6.50  a.  m  

7.00  a.  m...J      73.80  ! 

12.50  p.  m...  

6.50  p.  m  I  j 

7.00  p.  m   74.58 

Jan.  15,  6.50  a.  m  I  


62.0 
62.0 
59.0 
59.0 
57.0 
64.0 
62.0 
59.0 
62.0 
57.0 
59.0 
59.0 
58.0 
61.0 
60.0 
54.0 
59.0 
56.0 
57.0 
58.0 
55. 0 
52.0 
71.0 


66.0 


68.0 
83.0 


61.0 
71.0 


64.0 
82.0 


65.0 
68.0 


70.0 
76.0 


61.0 
68.0 


64.0 
67.0 


5.0 
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Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


1901. 

Experiment  No.  38. 

Jan.  15,  7.00  a.  m  

12.50  p.  m... 

6.50  p.  m  

7.00  p.  m.... 
10.50  p.  m... 

Jan.  16,  6.50  a.  m  

7.00  a.  m  

12.50  p.  m.  . . 
6.50  p.  m.... 

7.00  p.  m  

10.50  p.  m... 

Jan.  17,  6.50  a.  m  

7.00  a.  m.... 
12.50  p.  m... 

6.50  p.  m  

7.00  p.  m.... 
10.50  p.  m... 

18,  6.50  a.  m  

7.00  a.  m.... 
12.50  p.m... 
6.50  p.  m.... 
7.00  p.  m.... 
10.50  p.  m... 

19,  6.50  a.  m  


Weight 
in  under- 
clothes. 


Jan. 


Jan. 

Experiment  No.  39. 

Jan.  19,  7.00  a.  m  

12.50  p.  m... 
6.50  p.m.... 

7.00  p.  m  

10.50  p.  m... 
20,  6.50a.  m.... 
7.00  a.  m.... 


Jan. 


Experiment  No.  AO. 

Feb.  26,  6.50a.  m... 

7.00  a.  m... 

7.50  a.  m... 

9.15  a.  m... 

10.00  a.  m.. 

10.25  a.  m.. 

10.50  a.  m.. 

11.50  a.  m.. 

12.50  p.  m.. 

2.30  p.  m... 

5.20  p.  m... 

6.50  p.  m... 

7.00  p.  m... 

8.00  p.  m... 

9.30  p.  m... 

10.50  p.  m.. 
Feb.  27,  6.50  a.  m... 


Kilos. 
74. 10 


74.55 


74.14 


'3. 07 


13.  20 


73.50 


Pulse 
rate. 


73.  78 


78. 80 


64.0 
72.0 


55.0 
65.0 


67.0 
74.0 


64.0 
69.0 


68.0 
75.0 


60.0 
64.0 


64.0 
78.0 


56.0 
61.0 


49.0 
47.0 


44.0 
53.0 


84.0 

83.0 
112. 0 

74.0 
106.0 
108.0 

75.0 
120.0 
107.0 

85.0 


83.0 
81.0 
63.0 
73.0 


Tempera- 
ture. 


97.0 
97.6 


96.4 
96.8 


97.1 
98.1 


97.6 
97.6 


97.1 
96.5 


96.5 
98.3 


97.0 
96.4 


97.1 


Time. 


Experiment  No.  AO — 
Continued. 


Feb.  27,  7.00  a.  m.. 

9.30  a.  m.. 
12.20  p.  m. 
12.50  p.  m. 
4.50  p.  m. . 
6.50  p.  m.. 
7.00  p.  m.. 
8.00  p.  m.. 
9.40  p.  m.. 
10.50  p.  m. 
Feb.  28,  6.50  a.  rn.. 

7.00  a.  m.. 
8.50  a.  m.. 
9.50  a.  m.. 
12.50  p.  m. 
5.20  p.  m.. 
6.50  p.  m.. 
7.00  p.  m.. 
7.40  p.  m.. 
9.10  p.  m.. 
9.40  p.  m.. 
10.50  p.  m. 
Mar.  1,  6.50  a.  m.. 

7.00  a.  m.. 
8.50  a.  m.. 
9.50  a.  m.. 
10.50  a.  m. 
11.50  a.  m. 
2.50  p.  m.. 
3.50  p.  m.. 
6.50  p.  m.. 
7.00  p.  m.. 
9.20  p.  m.. 
9.50  p.  m.. 
10.50  p.  m. 
6.50  a.  m.. 


Mar. 


Weight 
in  under- 
clothes. 


Experiment  No.  Al. 

Mar.  2,  7.00  a.  m  

8.50  a.  m  

10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 

2.50  p.  m  

3.50  p.  m  

4.50  p.  m  

6.50  p.  m  

7.00  p.  m.... 
7.30  p.  m.... 
10.50  p.  m... 
3,  6.50  a.  m.... 
7.00  a.  m.... 


Mar. 


Kilos. 
78.05 


77. 85 


78.42 


78.29 


Pulse 
rate. 


112.0 
101.0 

74.0 
104.0 

75.0 


81.0 
73.0 
62.0 
65.0 


115.0 
111.0 

69.0 
106.0 

80.0 


84.0 
76.0 
68.0 
62.0 
67.0 


110.0 
110.0 
101.0 
100.0 
112. 0 
110.0 
79.0 


64.0 
66.0 
60.0 
69.0 


117.0 
96.0 
98.0 
71.0 
110.0 
106.0 
106.0 
81.0 


80.0 
54.0 
70.0 
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Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


1901. 

Experiment  No.  Ul — 
Continued. 


3,  9.50  a.  m.. 
11.50  a.  m. 
12.50  p.  m. 
2.50  p.  m.. 
3.50  p.  m  . 
4.50  p.  m . 
6.50  p.  m  . . 
7.00  p.m  .. 
7.50  p.  m  . . 
9.20  p.m.. 
9.50  p.  m  . . 
10.20  p.  m  . 
10.50  p.  m  . 

4,  6.50  a.m.. 
7.00  a.  m  . . 
8.50  a.  m  .. 
9.50  a.m  .. 
10.50  a.  m  . 
11.50  a.  m  . 
12.50  p.  m  . 
2.50  p.  m  .. 
3.50  p.m  .. 
4.50  p.  m  . . 
5.50  p.  m  . . 
6.50  p.  m  . . 
7.00  p.m.. 
7.50  p.  m  . . 
8.20  p.m  .. 
8.50  p.  m  . . 
9.20  p.m  .. 
9.50  p.  m  . . 
10.20  p.  m  . 
10.50  p.  m  . 

5,  6.50  a.  m  . . 
7.00  a.m  .. 
8.50  a.  m  .. 
9.50  a.  m  . . 
10.50  a.  m . 
11.50  a.  m  . 
12.50  p.  m . 
2.50  p.  m  . . 
3.50  p.  m  .. 
4.50  p.  m  .. 
5.50  p.  m  . . 
6.50  p.m  .. 
7.00  p.  m  .. 
7.50  p.m  .. 
8.20  p.m.. 
8.50  p.  m  .. 
9.20  p.m  .. 
9.50  p.m  .. 


Weight 
in  under- 
clothes. 


Kilos. 


77.84 


Pulse 
rate. 


Tempera- 
ture. 


104. 
100. 

74. 
109. 

96. 
106. 

79. 


IIS. 
110. 
100. 

94. 

70. 
110. 
102. 
103. 
100. 

79. 


lis. 
114. 
1 0s. 
114. 

76. 
112. 
110. 
100. 
101. 

87. 


Time. 


1901. 

Experiment  No.  Ul- 
Continued. 

Mar.  5,  10.20  p.  m 
10.50  p.  m 
Mar.  6,  6.50  a\m. 


Experiment  No.  hZ. 


Mar.  6. 


Mar.  7, 


Weight 
in  under- 
clothes. 


7.00  a.  m  .... 
9.00  a.m.... 
10.20  a.  m  . . . 
11.20  a.  m  . . . 
12.20  p.  m  . . . 
2.20  p.m  .... 
3.20  p.m  .... 

4.20  p.m  

5.20  p.  m  . . . . 
6.50  p.  m .... 
7.50  p.  m  . . . . 
8.50  p.  m  . . . . 
9.50  p.  m  . . . . 
10.50  p.  m  . . . 
6.50  a.  m  .... 
7.00  a.  m  .... 


Experiment  No.  kS. 

Mar.  29,  6.50  a.  m  

7.00  a.  m.... 
9.50  a.  m.... 
10.50  a  .m... 
11.50  a.  m... 
12.50  p.  m... 

2.50  p.  m  

3.50  p.  m  

5.50  p.  m  

6.50  p.  m.... 

7.00  p.  m  

7.50  p.  m  

8.20  p.  m.... 
9.20  p.  m.... 

9.50  p.  m  

10.50  p.  m... 

Mar.  30,  6.50  a.  m  

7.00  a.  m.... 

8.50  a.  m  

9.50  a.  m.... 
10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 
.2.50  p.  m.... 

3.50  p.  m  

4.50  p.  m  

5.50  p.  m  

6.50  p.  m  

7.00  p.  m.... 


Kilos. 


77.04 


79. 16 


79. 58 


Pulse 
rate. 


64.0 
64.0 
63.0 


54.0 
52.0 
53.0 
52.0 
52.0 
54.0 
51.0 
51.0 
50.0 
48.0 
47.0 
46.0 
46.0 
61.0 


75.0 


112. 0 
102.0 
102.0 

82.0 
132. 0 
114.0 
116.0 

99.0 


98.0 
94.0 
91.0 
85.0 
78.0 
71.0 


114.0 
118.0 
109.0 
110.0 
81.0 
114.0 
112.0 
100.0 
99.0 
97.0 
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Table  127. — Body  iveight,  pulse  rale,  and  temperature,  etc. — Continued. 


Weight 
in  under- 
clothes. 


Apr. 


Apr. 


78.  82 


Experiment  No.  A3— 

Continued.  KUo§ 

Mar.  30,  7.50  p.  m. . .  J  

8.50  p.  m  I  

10.50  p.  m...|  ... 

Mar.  31,  6.50  a.  m  

7.00  a.  m.... 

8.50  a.  m  

9.50  a.  m  

9.55  a.  m.... 
10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 
2.50  p.  m.... 
3.50  p.  rn.... 

4.50  p.  m  

5.50  p.  m  

6.50  p.  m  

7.00  p.  m.... 
7.50  p.  m.... 

8.50  p.  m  

10.00  p.  m... 
10.50  p.  m... 

6.50  a.  m  

7.00  a.  m.... 

8.50  a.  m  

10.05  a.  m... 
11.45  a.  m... 
12.50  p.  m... 
2.45  p.  m.... 

3.55  p.  m  

4.55  p.  m  

5.55  p.  m   

6.50  p.  m  

7.00  p.m....  79. 

7.50  p.  m  

8.50  p.  m  

10.00  p.  m..J  

10.50  p.  m.. 
6.50  a.  m... 
Experiment  No.  hh- 
Apr.    2,7.00  a.m... 

8.50a.  m... 
9.50  a.  m... 
10.50  a,  m.. 
11.50  a.  m.. 
12.50  p.  m.. 
2.50  p.  m.. 
3.50  p.  m.. 
4.50  p.  m.. 
5.50  p.  m... 
6.50  p.  m.. 
7.00  p.  m.. 


Pulse 
rate. 


Tempera- 
ture. 


109. 
102. 

89. 

78. 
114. 
106. 
102. 
103. 

87. 


lit;. 

106. 
106. 

94. 

73. 
107. 
109. 
109, 
131, 


°F. 


Experiment  No.  Uk- 
Continued. 


Apr. 


Apr. 


Apr. 


Apr. 


Apr. 


2,  7.50  p.  m.. 
10.00  p.  m. 
10.50  p.  m. 

3,  6.50  a.  m.. 
7.00  a.  m.. 
8.50  a.  m.. 
9.50  a.  m.. 
10.50  a.  m. 
11.50  a.  m. 
12.50  p.  m. 
2.50  p.  m.. 
3.50  p.  m.. 
4.50  p.  m.. 
5.50  p.  m.. 
6.50  p.  m.. 
7.00  p.  m.. 
7.50  p.  m.. 
10.00  p.  m. 
10.50  p.  m. 

4,  6.50  a.  m.. 
7.00  a.  m.. 
8.50  a.  m.. 
9.50  a.  m.. 
10.50  a.  m. 
11.50  a.  m. 
12.50  p.  m. 
2.50  p.  m.. 
3.50  p.  m.. 
4.50  p.  m. . 
5.50  p.  m.. 
6.50  p.  m.. 
7.00  p.  m.. 
7.50  p.  m. . 
10.00  p.  m. 
10.50  p.  m. 

5,  6.50  a.  m.. 
7.00  a.  m. . 
8.50  a.  m.. 
9.50  a.  m.. 
10,50  a.  m. 
11.50  a.  m. 
12.50  p.  m. 
2.50  p.  m.. 
3.50  p.  m.. 
4.50  p.  m.. 
6.50  p.  m.. 
7.00  p.  m. . 
7.50  p.  m.. 
10.00  p.  m. 
10.50  p.  m. 

6,  6.50  a.  m.. 


Weight 
in  under- 
clothes. 


78.  62 


79.  63 


78.  92 


Pulse 
rate. 


Tempera- 
ture. 


79.35 


94.0 
78.0 
67.0 
69.0 


114.0 


109.0  i 
104.0  I 
98.0 
72.0 
114.0 
111.0 
106.0 
100.0 
81.0 


91.0 
71.0 
61.0 
71.0 


108.0 
110.0 
100.0 
97.0 
73.0 
114.0 
112. 0 
106.0 
97.0 
88.0 


90.0 
72.0 
63.0 
70.0 


114.0 
113.0 
101.0 
104.0 

75.0 
112. 0 
106.0 
106.0 

88.0 


89.0 
76.0 
65.0 
73.0 
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Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


1901. 

Experiment  No  1,5. 

Apr.    6,  7.00  a.  m  

8.50  a.  m  

9.50  a.  m  

10.50  a.  hi... 
11.50  a.  m... 
12.50  p.  m... 
2.50  p.  m.... 

3.50  p.  m  

4.50  p.  m  

5.50  p.  m  

6.50  p.  m  

7.00  p.  m.... 

7.50  p.  m  

8.50  p.  m  

10.00  p.  m... 
10.50  p.  m... 

Apr.    7.  7.00  a.  m  

Experiment  Xo.  IS. 


Weight 
in  under 
clothes. 


Kilos. 
78.71 


Pulse  !  Tempera 
rate.  tare. 


113 

0 

100 

0 

98 

0 

94 

0 

69 

0 

109 

0 

108 

0 

99 

0 

96 

0 

86 

0 

79.06 


7S.30 


79.  57 


May 


79.  59 


79.13 


May    3,  7.00  a.  m. 

9.50  a.  m  I  

10.50  a.  m. 
11.50  a.  m. 
12.50  p.  m. 
2.50  p.  m.. 
3.50  p.  m.. 
4.50  p.  m.. 
5.50  p.  m.. 
6.50  p.m.. 
7.00  p.  m.. 
8.50  p.  m.. 
10.50  p.  m. 

4.  7.00  a.  m.. 
8.50  a.  m.. 
9.50  a.  m. . 
10.50  a.  m. 
11.50  a.  m. 
12.50  p.  m. 

2.50  p.  m  !  

3.50  p.  m   

4.50  p.  m   

5.50  p.  m  

6.50  p.  m   

7.00  p.m....  79.52 

8.50  p.  m   

9.50  p.  m  

10.50 p.  m...i  

5,  7.00  a.  m  I  79.25 

8.50  a.  m  ;  

9.50  a.  m   

10.50  a.  m  

11.50  a.  m  


90.0 
80.0 
74.0 
68.0 
69.0 


72.0 
113.0 
114.0 
109.0 

79.0 
117.0 
115.  0 
122. 0 
121.0 

95.0 

80.0 
70.0 
64.0 
117.0 
111.0 
114.0 
106.0 
70.0 
119.0 
110.0 
105.  0 
120.  0 
87.0 

81.0 
76.0 
67.0 
72.0 
118.  0 
108.0 
100.0 
100.0 


Time. 


Weight 
,in  under 
I  clothes. 


Experiment  Xo. 
Continued. 


Kilos. 


79.  60 


79. 32 


May   5,  12.50  p.  m. 

2.50  p.  m.. 

3.50  p.  m. . 

4.50  p.  m. . 

5.50  p.  m. . 

6.50  p.  m. . 

7.00  p.  m.. 

7.50  p.  m. . 

8.50  p.  m.. 

9.50  p.  m. . 

10.50  p.  m. 
May    6.  7.00  a.  m.. 

8.50  a.  m  1  

9.50  a.  m...J  

10.50  a.  m..  J  

11.50  a,  m.J  

12.50  p.  m..J  

2.50  p.  m....l  

3.50  p.  m...  J  

4.50  p.  m  

5.50  p.  m  '  

6.50  p.  m  '  

7.00  p.  m   79.71 

7.50  p.  m  '  

8.50  p.  m....  

9.50  p.  m   

10.50  p.  m...J  

Experiment  Xo.  U7. 

May    7,  7.00  a.  m  !  79.29 

8.50  a.  m  ;  

9.50  a.  m...J  

10.50  a.  m...  

11.50  a.  m...  

12.50  p.  m...  

2.50  p.  m...J  

3.50  p.  m  1  

4.50  p.  m  !  

5.50  p.  m  '•  

6.50  p.  m   

7.00  p.m....  79.70 

7.50  p.  m  

8.50  p.  m   

9.50  p.  m  

10.50  p.  m... 

7.00  a.  m  

8.50  a.  m.... 

9.50  a.  m  

10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 
2.50  p.  m.... 


Pulse  '  Tempera- 
rate,  ture. 


76.0 
118.0 
114.0 
106.0 
106.0 

85.0 


85.0 
76.0 
72.0 
64.0 
70.0 
114.0 
104.0 
101.0 
100.0 
72.0 
110.0 
104.0 
96.0 
94.0 
85.0 


May 


79. 23 


87 

0 

77 

0 

72 

0 

60 

0 

62 

0 

119 

0 

116 

0 

114 

0 

103 

0 

70 

0 

114 

0 

106 

0 

103 

0 

98 

0 

82 

0 

83 

0 

77 

0 

76 

0 

61 

0 

62 

0 

120. 

0 

111. 

0 

101 

0 

99. 

0 

71. 

0 

107. 

0 
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Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


1901. 

Experiment  No.  1,7- 
Continued. 


May   8,3.50  p.m.... 

4.50  p.  m  

5.50  p.  m  

6.50  p.  m.... 
7.00  p.  m.... 
7.50  p.  m.... 

8.50  p.  m  

9.50  p.  m  

10.50  p.  m... 

May    9,7.00  a.m.... 

8.50  a.  m  

9.50  a.  m.... 
10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 
2.50  p.  m.... 

3.50  p.  m  

4.50  p.  m.... 

5.50  p.  m  

6.50  p.  m  

7.00  p.  m.... 
7.50  p.  m.... 

8.50  p.  m  

9.50  p.m.... 
10.50  p.  m... 

May  10,  7.00  a.  m  

8.50  a.  m.... 

9.50  a.  m  

10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 
2.50  p.  m.... 
3.50  p.  m.... 

4.50  p.  m  

6.50  p.  m  

6.50  p.  m.... 
7.00  p.  m.... 
7.50  p.  m...„ 
8.50  p.  m.... 
9.50  p.  m.... 
10.50  p.  m... 

Experiment  No.  U8. 

May  11,  7.00  a.  m.... 

8.50  a.  m.... 
9.50  a.  m.... 
10.50  a.  m... 
11.50  a.  m... 
12.50  p.  m... 

2.50  p.  m  

3.50  p.  m.... 
4.50  p.  m  


Weight 
in  under 
clothes. 


Kilos. 


79. 15 


79.  48 


79. 06 


Pulse 
rate. 


106. 


85. 

79. 

74. 

59. 

63. 
116. 
109. 
100. 

95. 

69. 
108. 

98. 

95. 

90. 

82. 


Tempera- 
ture. 


84. 

72. 

70. 

57. 

64. 
117. 
107. 
101. 

99. 

69. 
109. 
105. 
103. 
107. 

80. 


63. 
110. 

97. 

97. 

94. 

72. 
108. 
106. 


Experiment  No.  L8— 
Continued. 


May  11,  5.50  p.  m  

6.50  p.  m.... 

7.00  p.  m  

7.50  p.  m.... 
8.50  p.  m.... 

9.50  p.  m  

10.50  p.  m... 

May  12,  7.00  a.  m.... 


1902. 

Experiment  No.  1,9. 

Mar.  27,  6.50  a.  m.... 

7.00  a.  m  

12.50  p.  m... 

6.50  p.  m  

7.00  p.  m.... 

10.00  p.  m... 
Mar.  28,  6.50  a.  m  

7.00  a.  m.... 

12.50  p.  m... 

6.50  p.  m.... 

7.00  p.  m.... 

10.00  p.  m... 
Mar.  29,  6.50  a.  m.... 

7.00  a.  m.... 

12.50  p.  m... 

6.50  p.  m.... 

7.00  p.  m.... 

10.00  p.  m... 
Mar.  30,  6.50  a.  m.... 

Experiment  No.  50. 

Mar.  30,  7.00a.  m.... 

12.50  p.  m... 
6.00  p.  m.... 
7.00  p.  m.... 
10.00  p.  m... 

Experiment  No.  51. 

Mar.  31,  7.00  a,  m.... 

1.00  p.  m.... 

7.00  p.  m.... 

10.50  p.  m... 
Apr.    1,7.00  a.m.... 

12.50  p.  m... 

6.50  p.  m.... 

10.50  p.  m... 
Apr.    2,7.00  a.m.... 

Experiment  No.  52. 
Apr.  21,  6.50  a.  m.... 

7.00  a.  m  

8.20  a.  m.... 


Weight  | 
in  under 
clothes. 


Pulse 
rate. 


Kilos. 


78. 82 


80. 35 


80.  71 


81.12 


81.12 


80. 70 


79.  78 


77.89 


90.0 
81.0 


87.0 
77.0 
74.0 
57.0 
71.0 


69.0 
88.0 


77.0 
75.0 


68.0 
81.0 


68.0 
69.0 


65.0 
82.0 


74.0 
74.0 


75.0 
67.0 


77.0 
69.0 
65.0 
74.0 
70.0 
68.0 
64.0 
63.0 
76.0 

73.0 
110.0 


353 

Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


Experiment  Xo.  52 — 
Continued. 


Weight  pi 
m  under-  * 
clothes. 


Kilos 


Apr.  21.  8.30  a.  m. 

8.40  a.  m. 

8.50  a.  m. 

9.10  a.  ni. 

9.20  a.  m. 

9.30  a.  m  J 

9.40  a.  m   j 

9.50  a.  m..-.J  

10.00  a.  m 

10.10  a.  m 

10.40  a.  in 

10.50  a.  in 

11.10  a.  m 

11.20  a.  m 

11.30  a,  m 

11.40  a.  m 

11.50  a.  m 

12.00  m  . . 

12.10  p.  m 

12.20  p.  m 

12.50  p.  m 

2.10  p.  m. 

2.20  p.  m. 

2.30  p.  m. 

2.40  p.  m. 

2.50  p.  m. 

3.10  p.  m. 

3.20  p.  m. 

3.30  p.  m. 

3.40  p.  m. 

3.50  p.  m. . 

4.20  p.  m. 

4.30  p.  m.. 

4.40  p.  m.. 

4.50  p.  m. , 

5.10  p.  m. . 

5.20  p.  m....j  

5.30  p.  m....;  

5.40  p.  m  i  

5.50  p.  m  ;  

(3.00  p.  m....j  

6.10  p.  m  j  

t).50p.  m....|  

7.00  p.m....  79.94 

10.00  p.  m...;  

Apr.  22,  6.50  a.  m  |  

7.00  a.m....  79.15 

S.20  a.  m....'  

8.30  a.  m....;  

8.40  a.  m....L  

S.50a.  m....;  

9.10  a.  m....  


111.0 
113.0 
111.0 
106.0 
108.0 
106.0 
104.0 
103.0 
103.0 
102.0 
110.0 
112.0 
108.0 
109.0 
105.  0 
105. 0 
101.0 
105.  0 
103.0 
104.0 
77.0 
122. 0 
116.0 
119.0 
123.0 
118.0 
116.0 
118.0 
122.0 
121.0 
121.0 
118.0 
122.0 
122.0 
121.0 
120. 0 
122.  0 
124.0 
125. 0 
122. 0 
123. 0 
124.0 
101.0 


Tempera- 
ture. 


78.0 
74.0 


115. 0 
114.0 
115. 0 
114.0 
109.0 


°E. 


98.1 
97.7 


1902. 

Experiment  No.  52- 
Continued. 


Apr.  22,  9.20  a.  m... 

9.30a.  m... 

9.40  a,  m... 

10.00  a.  m.. 

10.10  a.  m.. 

10.40  a.  m.. 

10.50  a.  m.. 

11.10  a.  m.. 

11.20  a.  m.. 

11.30  a.  m.. 

11.40  a.  m.. 

11.50  a.  m. . 

12.00m  .... 

12.10  p.  m.. 

12.20  p.  m.. 

12.50  p.  in.. 

2.00  p.  m... 

2.20  p.  m... 

2.30  p.  m... 

2.40  p.  m... 

2.50  p.  m... 

3.10  p.  m... 

3.20  p.m... 

3.30  p.  m... 

3.40  p.  m... 

3.50  p.  m... 

4.20  p.  m... 

4.30  p.  m... 

4.40  p.  m... 

4.50  p.  m  

5.10  p.  m  

5.20  p.  m.... 

5.30  p.  m  

5.40  p.  m  — 

5.50  p.  m  

6.00  p.  in.... 

6.10  p.  m.... 

6.50  p.  m.... 

7.00  p.  m.... 

10.00  p.  m... 
Apr.  23.  6.00  a.  m.... 


Weight 
in  under- 
clothes. 


80. 12 


Pulse 
rate. 


7.00  a.  m  

8.20  a.  m 

79. 48 

8.40  a.  m. 

8.50  a.  m 

9.10  a.  m 

9.20  a.  m  

9.30  a.  m 

9.40  a.  m. . . 

10.00  a.  m... 

108.  0 
109.0 
108. 0 
106.  0 
106.0 
102.  0 
104.0 
101.0 
103.0 

99.0 
101.0 

97.0 
100.0 
101.0 

99.0 

76.0 
114.0 
116.0 
110.0 
109.0 
108.0 
109.0 
106.0 
110.  0 
108.0 
107.0 
108.  0 
107.0 
106.0 
107.0 
108.0 
107.0 
110.0 
105.  0 
106.0 
102.0 
104.0 

85.0" 


Tempera- 
ture. 


72.0 
70.0 


117.0 
117.0 
116.0 
111.0 
109.0 
108.0 
109.0 
104.0 
105.  0 
107.0 


°F. 


97.95 


9S.1 


6000— No.  136—03- 


23 


354 


Table  127. — Body  -weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


Weight 
in  under- 
clothes. 


1902. 

Experiment  No.  52- 

Continued.  KUqs 

Apr.  23,  10.10a.  m...  ........ 

10.40  a.  m...j  

10.50a.  m...j  

11.10a,  m.J  

11.20  a.  m...  

11.30  a.  in...  

11.40  a.  m...j  

11.50  a.  m...  

12.00  m  

12.10p.  m...  

12.20  p.  m...j  

12.50  p.  m...j  

2.10  p.  m....j  

2.20  p.  m.,..  

2.30  p.  m  '  

2.40  p.  m....l  

2.50  p.  m  

3.10  p.  m...J  

3.20  p.  m. 

3.30  p.  m. 

3.40  p.  m. 

3.50  p.  m. 

4.20  p.  m. 

4.30  p.  m. 

4.40  p.  m   

4.50  p.  m.v.J  

5.10  p.  m  

5.20  p.  m....j  

5.40  p.  m....j  

5.50  p.  m  !  

6.00  p.  m....  

6.10  p.  m...J  

6.50  p.  m  I  

7.00  p.m.... |  80.23 

10.00  p.  m...;  

Apr.  24,  6.50  a.  m  j  


Experiment  No.  53. 

Apr.  24,  7.00  a.  m.... 

8.20a.  m.... 
8.30  a.  m.... 
8.40  a.  m, . . . 
8.50  a.  m.... 
9.10  a.  m.... 

9.20  a.  m  

9.30  a.  m.... 
9.40  a.  m.... 

9.50  a.  m  

10.00a.  m... 
10.10  a.  m... 
10.40a.  m... 
10.50  a.  m... 


Pulse 
rate. 


79. 44 


106.0 
104.0 
104.0 
104.0 
101.0 
101.0 
101.0 
102.0 

97.0 
101.0 
100.0 

70.0 
113.0 
116.0 
111.0 
111.0 
112.  0 
110.0 
109.0 
110.0 
108.0 
109.0 
108.0 
108.0 
108.0 
108.0 
104.0 
109.0 
106.0 
107.0 
105. 0 
107.0 

84.0 


Tempera- 
ture. 


71.0 
70.0 


117.0 
121.0 
120.0 
117.0 
109.0 
110.0 
110.0 
112.0 
110.0 
107.0 
106.0 
106.0 
110.0 


97.6 


Time. 


Experiment  No.  53— 
Continued. 


Weight 
in  under- 
clothes. 


Pulse 
rate. 


98.2 


97. 95 
97.6 


Apr.  24,  11.10  a.  m 

11.20  a.  m 

11.30  a.  m 

11.40  a.  m 

11.50  a.  m 

12.00  m  . . 

12.10  p.  m 

12.20  p.  m 

12.50  p.  m 

2.10  p.  m. 

2.20  p.  m. 

2.30  p.  m. 

2.40  p.  m. 

2.50  p.  m. 

3.10  p.  m. 

3.20  p.  m. 

3.30  p.  m. 

3.40  p.  m. 

3.50  p.  m. 

4.20  p.  m. 

4.30  p.  m. 

4.40  p.  m. 

4.50  p.  m. 

5.10  p.  m. 

5.20  p.  m....l 

5.30  p.  m.-.J 

5.40  p.  m  

5.50  p.  m  

6.00  p.  m.... 

6.10  p.  m.... 

6.50  p.  m.... 

7.00  p.  m.... 

10.00  p.  m... 
Apr.  25,  6.50  a.  m  

7.00  a.  m.... 

8.20  a.  m  

8.30  a.  m.... 

8.40  a.  m.... 

8.50  a.  m  

9.10  a.  m.... 

9.20  a.  m.... 

9.30  a.  m.... 

9.40  a.  m.... 

9.50  a.  m.... 

10.00  a.  m... 

10.10  a.  m... 

10.40  a.  m... 

10.50  a.  m... 

11.10  a.  m... 

11.20  a.  m... 

11.30  a.  m... 

11.40  a.  m... 


Kilos. 


80.  63 


80. 11 


Tempera- 
ture. 


107.0 
106.0 
103.0 
105. 0 
100.0 
102.0  j 
103.0 
103.0 
73.0 
107.0 
107.0 
107.0 
106.0 
108.0 
107.0 
102.0 
107.0 
106.0 
103.0  | 
105.0 
100.0 
100.0 
103.0 
103.0 
101.0 

101.0  ! 

103.0 
103.0 
99.0 
98.0 
79.0 


74.0 
69.0 


115 

0 

116 

0 

122 

0 

116 

0 

115 

0 

113 

0 

112 

0 

110 

0 

109 

0 

112 

0 

111 

0 

110 

0 

112 

0 

103 

0 

106 

0 

102 

0 

104 

0 

355 


Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


Time. 


Weight 
!  in  under- 
:  clothes. 


Pulse 
rate. 


Tempera- 
ture. 


Time. 


clothes.     rate-  I  ture- 


1902. 

Experiment  Xo.  53- 

Continued.       I  Kilos 

Apr.  25.  1L50  a.  m...:  

12.00  m  j  

12.10p.  m...  

12.20  p.  m...j  

12.50  p.  m...|  

2.10  p.  m....|  

2.20  p.  m   

2.30  p.  m  !  

2.40  p.  m   

2.50  p.  m....  

3.10  p.  m  j  

3.20p.  to....  

3.30  p.  m  J  

3.50  p.  m....j  

4.20  p.  m....i  

4.30  p.  m....  

4.40  p.  to."...  

4.50  p.  m  j  

5.10  p.  m  i  

5.20  p.  m  ;  

5.30  p.  m  :  

5.40  p.  m   

5.50  p.  m  '■  

6.00  p.  to:...  

6.10  p.  m  

6.50  p.  m   , 

7.00  p.  m  |  80.73 

10.00  p.  m..  

Apr.  26.  6.50  a.  m   

7.00  a.m....  80.36 

8.20  a.  m  

8.30a.  m....  

8.40  a.  m  

8.50  a.  m   

9.10  a.  m....[  

9.20  a.  m  ;  

9.30  a.  m   

9.40a.  m....^  

9.50  a.  m  :  

10.00  a.  m...'  

10.10  a,  m...  

10.40  a.  m...  

10.50  a.  m..J  

11.10  a.  m...;  

11.20  a.  m...'  

11.30  a.  m...i  

11.40  a.  m..J  

11.50  a.  m...|  

12.00m  

12.10  p.  m..  J  


102.0 
107.0 
106.0 
103.0 
70.0 
111.0 
115.  0 
122.0 
117.0 
114.0 
112.0 
112.0 
111.0 
112. 0 
107.0 
109.0 
109.0 
109.0 
105.0  ; 
106.0 
102.0 
103.0 
105.  0 
96.0 
91.0  \ 
81.0 


73.0 
69.0 


115.  0 
116.0 
118.0 
118.0 
116.0 
116.0 
112.0 
112.0 
110.0 
111.0 
110.0 
107.0 
107.0 
100.0 
103. 0 
103.0 
101.0 
101.0 
99.0 
101.0 


°F. 


Experiment  Xo.  53— 
Continued. 


Apr.  26. 


Apr.  27. 


12.20  p.  m... 
12.50  p.  m... 
2.10 p.  m.... 
2.20 p.  m.... 
2.30  p.  m.... 
2.40  p.  m.... 
2.50  p.  m.... 
3.10  p.  in.... 
3.20  p.  m.... 
3.30  p.  m.... 
3.40 p.  m.... 

3.50  p.  m  

4.20  p.  m.... 
4.30  p.  in.... 

4.40  p.  m  

4.50  p.  m  

5.10  p.  m.... 
5.20  p.  m.... 
5.30 p.  in.... 

5.40  p.  m  

5.50  p.  m  

6.00  p.  m.... 
6.10  p.  m.... 

6.50  p.  m  

7.00  p.m.... 
10.00  p.  m... 
6.50  a.  m.... 


Experiment  Xo.  5U 

Apr.  27.  7.00  a.  m.. 

8.20  a.  m.. 
8.30  a.  m.. 
8.40  a.  m.. 
8.50  a.  m.. 
9.10  a.  m.. 
9.20  a.  m.. 
9.30  a.  m.. 
9.40  a.  m.. 
9.50  a.  m.. 
10.00  a.  m. 
10.10  a.  m. 
10.40  a.  m. 
10.50  a.  m. 
11.10  a.  m. 
11.20  a.  m...: 
11.30  a.  m... 
11.40  a.  m... 
11.50  a.  m... 

12.00  m  

12.10  p.  m... 


Kilos. 


80. 89 


100.0 
72.0 
116.0 
116.0 
117.0 
114.0 
116.0 
108.0 
107.0 
112.0 
110.0 
110.0 
108.0 
110.0 
110.0 
106.0 
100.0 
102.  0 
97.0 
96.0 
95.0 
96.0 
92.0 
79.0 


73.0 
62.0 


118 

0 

122 

0 

124 

0 

121 

0 

116 

0 

117 

0 

110 

0 

104 

0 

105 

0 

105 

0 

103 

0 

100 

0 

98 

0 

97 

0 

97 

0 

95 

0 

96 

0 

95 

0 

98 

0 

97 

0 

°F. 


98.2 
97.2 
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Table  127. — Body  weight  pulse,  rate,  and  temperature,  etc. — Continued. 


1902. 

Experiment  No.  5A — 
Continued. 


Weight 
in  under 
clothes. 


Apr.  27,  12.20  p.  m... 

12.50  p.  m... 

2.10  p.  m 

2.20  p.  m.... 

2.30  p.  m.... 

2.40  p.  m.... 

2.50  p.  m  

3.10  p.  m  

3.20  p.  m  

3.30  p.  m.... 

3.40  p.  m.... 

3.50  p.  m.... 

4.20  p.  m  

4.30  p.  m  

4.40  p.  m.... 

4.50  p.  m  

5.10  p.  m  

5.20  p.  m  

5.30  p.  ru.... 

5.40  p.  m.... 

5.50  p.  m  

6.00  p.  m  

6.10  p.  m.... 

6.50  p.  in.... 

7.00  p.  m.... 

10.00  p.  m... 
Apr.  28,  6.50a.  m.... 

7.00  a.  m  

8.20  a.  m  

8.30  a.  m.... 

8.40  a.  m.... 

8.50  a.  m  

9.10  a.  m.... 

9.20  a.  m.... 

9.30  a.  m.... 

9.40  a.  m.... 

9.50  a.  m  

10.00  a.  m... 

10.10  a.  m... 

10.40  a.  m... 

10.50  a.  m... 

11.10  a.  m... 

11.20  a.  m... 

11.30  a.  m... 

11.40  a.  m... 

11.50  a.  m... 

12.00  m  

12.10  p.  m... 

12.20  p.  m... 

12.50  p.  m... 

2.20  p.  m.... 


Kilos. 


80.45 


Pulse  Tempera- 
rate,  ture. 


99.0 
73.0 
114.0 
113.0 
113.0 
112.0 
106.0 
109.0 
114.0 
110.0 
110.0 
108.0 
102. 0 
105.0 
104.0 
102. 0 
102. 0 
102. 0 
104.0 
101.0 
105.  0 
104.0 
105.0 
86.0 


77.0 
73.0 


124. 0 
126.0 
122. 0 
120.  0 
117.0 
116.0 
114.0 
110.0 
109.0 
108.0 
107.0 
104.0 
105.0 
105.0 
105.0 
101.0 
103. 0 
105. 0 
106.0 
107.0 
107.0 
73.0 
111.0 


°F. 


97.7 
97.5 


Time. 


Experiment  No.  5A- 
Continued . 


Apr.  28,  2.30  p. 

m 

2.40  p. 

m 

2.50  p. 

m 

3.10  p. 

m 

3.20  p. 

m 

3.30  p. 

m 

3.40  p. 

m 

3.50  p. 

m 

4.20  p. 

m 

4.30  p. 

m 

4.40  p. 

m 

4.50  p. 

m 

5.10  p. 

m 

5.20  p. 

m 

5.30  p. 

m 

5.40  p. 

m 

6.50  p. 

m 

Weight 
in  under- 
clothes. 


Kilos. 


Pulse 
rate. 


112.0 
112. 0 
111.0 
113.0 
111.0 
118.0 
120.0 
115.0 
111.0 
114.0 
112. 0 
112.0 
118.0 
114.0 
110.0 
103.0 
83.0 


Tempera- 
ture. 


7.00  p.  m.... 
10.00  p.  m... 

Apr.  29,  6.50  a.  m  

7.00  a.  m...J 
8.20  a.  m.... 
8.30  a.  m..J 

8.40  a.  m  

8.50  a.  m...J 

9.10  a.  m  

9.20a.  m.... 

9.30  a.  m  

9.50  a.  m  

10.00  a.  m... 
10.10  a.  m... 
10.40  a.  m... 
10.50  a.  m... 
11.10  a.  m... 
11.20  a.  m... 
11.30  a.  m... 
11.40  a.  m... 
11.50a.  m... 

12.00  m  

12.10  p.  m... 
12.20  p.  m... 
12.50  p.  m... 
2.10  p.  m.... 
2.20  p.  in.... 

2.30  p.  m  

2.40  p.  m.... 
2.50  p.  m.... 
3.10  p.  m.... 
3.20  p  m.... 
3.30  p.  rn.... 
3.40  p.  nx.... 


.21 


73.0 
67.0 


110.0 
124.0 
122.  0 
119.0 
119.0 
114.0 
117.0 
115. 0 
114.0 
112.0 
113.0 
108.0 
110.0 
112. 0 
106. 0 
105.0 
103.0 
103.0 
105.0 
107.0 
73.0 
121.0 
118.0 
112.0 
110.0 
111.0 
107.0 
109.0 
109.0 
110.0 


98.6 


97.3 
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Table  127. — Body  weight,  pulse  rate,  and  temperature,  etc. — Continued. 


1902. 

Experiment  No.  5k 
Continued. 


Apr.  29. 


3.50  p.  m. 
4.20  p.  m. 
4.30  p.  ni. 
4.40  p.  m. 
4.50  p.  m. 
5.10  p.  m. 
5.20  p.  m. 
5.30  p.  m. 
5.40  p.  m. 
5.50  p.  m. 
6.00  p.  m. 


Weight 
in  under- 
clothes. 


Kilns. 


Pulse 
rate. 


111.0 
102. 0 
106.0 
104.0 
101.0 
101.0 
107.0 
105.0 
109.0 
104.0 
106.0 


Tempera- 
ture. 


Time. 


Experiment  No.  5U- 
Continued. 


Weight 
in  under- 
clothes. 


Apr.  29,  6.10  p.  m... 

6.50  p.  m. . . 

7.00  p.  m... 

10.00  p.  m.. 
Apr.  30,  6.50  a.  m. . . 


Experiment  No.  55. 

Apr.  30,  7.00  a.  m.... 

6.50  p.  m.... 

7.00  p.  m.... 
May  1,    7.00  a.m.... 


Kilos. 


80.11 


78.81 
76. 42 


Pulse 
rate. 


106. 0 
87.0 


75.0 
80.0 


0 
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